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PEEFACE. 


THIS  work,  like  the  other  volumes  which  make  up  *^  The 
Practical  Mechanic  "  series,  is  based  upon  a  number  of 
papers  which  appeared  in  the  first  instance  in  The  Industrial 
^  Self 'Instructor.    Those  were  originally  intended  to  cover  the 
y^i  whole  of  the  sections  of  physical  science  specially  interesting 
^  to  those  engaged  in  one  or  other  of  the  many  departments 
^  of  mechanical  work  ;  but  the  demands  made  upon  the  space 
k  of  that  journal  by  other  subjects  of  a  technical  character 
v^ prevented  this,  the  comprehensive  scheme,  from  being  carried 
A  out.     Those  sections,  however,  of  the  general  subject  which 
^  were  overtaken  in  the  serial  were  complete,  and  met  fully 
the  requirements  of  the  scheme  of  the  papers  at  the  first 
determined  upon.     All  that  was  necessary  to  be  done,  there- 
fore, to  complete  the  circle  of  subjects  embraced  within  the 
original  scheme,  was  to  add  to  the  matter  at  first  published 
certain  sections  embracing  points  of  the  greatest  practical 
interest.    This  has  been  done,  and  in  a  manner  the  Editor 
feels  assured  will  render  the  volume,  taken  as  a  whole,  a 
fairly  comprehensive  epitome  of  all  the  leading  points  of  the 
departments  of  physicla,  of  which,- a  knowledge  will  prove  so 
practically  useftd  to  mechanics  in  general. 

But,  bulky  as  the  volume  will  appear  to  some  of  those  who 
have  in  possession  the  other  volumes  of  the  series,  the  Editor 
deems  it  right  to  remind  them  that  nevertheless  its  pages  do 
not  form  an  exhaustive  treatise  on  the  principles  of  mechanics. 
The  various  sections  embraced  by  them  are  but  what  the  title 
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of  the  volume  definitely  declares, — "  introductions  to  the  full 
and  exhaustive  treatise,  which  can  only  be  met  with  in  special 
volumes."  But  while  this  limited  range  is  the  characteristic 
of  the  different  sections,  it  is  only  right  to  claim  for  them 
what  the  Editor  believes  a  fair  perusal  will  show,— such  a 
careful  and  condensed  exposition  of  the  leading  principles  and 
facts  of  each  section,  that  to  a  large  and  practical  extent  they 
will  fill  the  place  of  larger  volxunes. 

This  comparative  completeness  is  obtained  within  what  are 
in  fact  very  narrow  limits,  by  the  exclusion  of  all  those  state- 
ments of  a  purely  conjectural  or  hypothetical  character,  those 
expositions  of  more  or  less  elaborate  but  generally  abstract 
theories,  and  those  discussions,  not  always  conducted  with  the 
calmness  befitting  the  dignity  of  science,  of  controverted 
points,  which,  unfortunately,  as  many  think,  have  encumbered 
the  pages  of  papers  and  works  taking  up  the  full,  if  not  the 
exhaustive,  treatment  of  the  general  subject.  While  by  no* 
means  overlooking  the  value  of  some  of  the  matter  of  the 
kinds  just  named  as  exercises  in  intellectual  work,  or  as  pro- 
pounding in  pure  theory  what  might  lead  to  useful  practical 
results,  the  Editor,  as  the  result  of  some  experience,  ventures 

to  believe  that  in  his  first  study  of  the  subject  the  young 
mechanic  will  be  wiser  if  he  attempts  to  take  views  of  certain 
scientific  points  which  appeal  to  his  own  native  common- 
sense,  and  which  do  uot  jar  upon  what  this  attribute  tells  him 
are  the  actual  experiences  of  his  everyday  work  and  study  ;  in 
the  way  in  which  some  at  least  of  the  very  abstruse  specula- 
tions and  complicated,  theories  and  purely  conjectural  state- 
ments published  here  and  there  of  late  have  jarred.  After  the 
mechanic  has  fairly  mastered  the  leading  principles  and  facts 
of  the  different  sections  of  physics,  he  may  then,  with  his 
acquired  intellectual  strength  and  vigour,  soar  himself  into 
the  regions  of  hypothesis  or  elaborate  some  profound  theories 
of  his  own. 
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The  Editor  believes  that  the  plain,  practical  way  which  the 
writers  have  followed  in  explaining  and  illustrating  the  great 
laws  of  nature  which  govern  and  control  the  vast  and  varied 
range  of  natural  phenomena,  will,  in  practice,  be  the  best 
calculated  to  give  the  young  mechanic  a  clear,  an  attractive 
and  a  sound  conception  of  them.  To  aid  him  in  his  studies  of 
the  different  subjects,  illustrations  are  freely  given  wherever 
they  are  deemed  likely  to  assist  him  in  his  conception  of  the 
various  points  taken  up  in  the  following  pages.  These  illustra- 
tions are  taken  for  the  most  part  from  examples  of  practical 
work  such  as  are  met  with  in  our  machine  shops,  industrial 
factories,  and  the  like. 

With  these  remarks  the  Editor,  in  conclusion,  ventures 
to  recommend  the  young  mechanic  and  student  to  take  up 
the  study  of  that  general  science  on  which  his  work  depends 
for  its  foil  value,  with  a  firm  determination  to  do  his  work 
with  thorough  and  consistent  honesty  of  purpose,  combined 
with  that  habit  of  the  closest  intellectual  observation  of  things 
which  he  meets  with  around  him,  without  which  no  mere  study 
will  yield  its  foil  and  abiding  results. 
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THE  TECHNICAL  STUDENT'S  INTEODUC- 
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OF  MECHANICS. 


Introductory. 

WoEKSHOP  and  factory  practice,  in  the  wide  range  of  technical  and 
industrial  work  carried  on  throughout  the  kingdom,  comprises  a 
vast  variety  of  details  and  of  facts  bearing  on  the  operations  and 
processes,  which  are  of  themselves  exceedingly  numerous.  The  space, 
therefore,  which  of  necessity  even  comparatively  brief  papers  descrip- 
tive of  them  demand,  is  so  great  that  it  is  difficult  to  find  opportuni- 
ties to  place  before  our  readers  others  bearing  upon  the  more  abstruse 
points  of  the  theories  or  of  the  principles  upon  which  many  of  the 
branches  of  technical  work  are  based.  Nor  indeed  is  this  more  purely 
theoretical  matter  demanded  of  us :  the  scope  and  scheme  of  the 
work  not  including  these. 

Scope  of  the  Present  Work— General  Kode  of  Treatment. 

Should  we  be  able  to  compass  no  more  than  the  present  series, 
the  reader  will  find,  as  just  stated,  that  its  various  chapters  will 
embrace  the  statement  of  principles  which  will  cover  not  one  or  two 
merely,  but  many  branches  of  technical  and  industrial  work  in  their 
practical  details.  It  is  scarcely  necessary  to  say  that  the  space  wo 
have  at  command  for  this  series  does  not  admit  of  that  full  treat- 
ment of  the  subject  which  characterises  exhaustive  treatises  on  it. 
What  we  give  will  take  the  form  generally  of  what  may  be  called  a 
series  of  "notes"  taking  up  various  departments  of  the  general 
subject.  Indeed,  all  the  practical  necessities  of  the  case  mil,  we 
conceive,  be  fully  met  by  those  notes.  They  will  embrace  the  salient 
or  leading  features  which  have  a  direct  and  immediate  bearing  upon 
practical  work.  The  more  abstruse  and  intricate  disquisitions,  which 
demand  from  the  reader  the  exercise  of  intense  study  and  the  most 
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painstaking  care,  and  which  in  many  instances  require  a  knowledge 
of  the  higher,  or  at  least  the  more  difficult  branches  of  mathematics, 
must  for  the  present  at  all  events  be  passed  over.  Some  of  those, 
in  a  few  instances  at  least,  and  by  some  writers,  are  so  beclouded  by 
what  are  largely  but  metaphysical  speculations,  that  the  reader  is 
apt  to  become  confused  and  in  large  measure  bewildered  in  attempt- 
ing to  understand  them,  or  to  decide  between  conflicting  theories, — 
and  of  conflicting  theories  in  general  science  there  are  not  a  few. 

Applieability  of  the  Laws  or  FrincipleB  of  Meclianioi  to  a  Wider  Bange  of 
Teohnical  Work  than  that  popularly  known  as  Kechanical,  or  eonneeted 
with  Mechanism. 

This  at  first  sight,  to  the  uninitiated  or  to  the  youthful  reader, 
would  seem  to  be  confined  to  an  exposition  of  the  principles  upon 
which  the  practice  of  mechanism,  or  what  is  popularly  known  aa 
machinery,  was  based.  Hence  the  name  of  the  "  science,"  so  to  call 
it,  of  mechanics,  is  so  far  unfortunate  as  leading  to  false  conceptions 
of  what  its  scope  is,  as  if  it  were  confined  solely  to  that  class  of  work 
just  named,  and  with  which  the  title  in  the  popular  mind  is  generally 
associated.  But  its  scope  is  very  much  wider  than  this.  While  the 
mechanic  who  deals  with  machines  or  machinery  concerns  himself 
with  those  principles  of  the  science  of  mechanics  which  refer  to 
matter  in  "motion" — the  mechanic  who  is  concerned  with  structures, 
as  houses,  bridges,  or  the  like,  is  interested  in  those  of  its  principles 
which  refer  specially  to  matter  in  a  state  of  "rest,"  or  as  it  is 
otherwise  termed,  "stability."  And  at  the  same  time  there  are 
certain  principles  or  laws  of  nature  tieated  of  usually  under  the 
general  title  of  mechanics  which  are  applicable  to  the  work  of  all, 
whether  they  be  machinists,  builders,  or  indeed  a  much  wider  range 
of  artificers  or  constructors — using  this  latter  term  in  its  widest 
sense  as  embracing  those  who  make  up,  put  together,  or  build  up  the 
varied  and  almost  endless  objects  with  which  we  are  surrounded. 
Nor  does  the  application  of  some  of  the  principles  of  the  general 
science  of  mechanics  terminate  here — wide  as  that  application  is. 
They,  in  point  of  fact,  most  closely  concern  other  branches  of  tech- 
nical work.  The  chemist  himself  has  to  consider  them,  and  they 
are  exemplified  and  made  use  of  in  a  wide  range  of  that  work  which 
is  known  as  Industrial  Processes.  If,  then,  to  our  notes  on  mechanics 
we  add  those  on  chemistry,  we  shall  be  able  to  present  to  bur  readers 
a  variety  of  information  of  a  very  wide  range  of  practicality.  For 
just  as  the  principles  of  mechanics  apply  to  the  practice  of  many 
more  workers  than  those  connected  with  machinery  only,  so  will  it 
be  found  that  .those  of  chemistry  embrace  within  their  range  a  great 
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variety  of  processes  which  give  rise  to  very  important  branches  of 
individual  industry.  In  concluding  these  introductory  paragraphs, 
let  the  reader  bear  in  mind  what  we  have  already  stated, — that  the 
"  notes"  we  propose  giving  will  concern  themselves  chiefly  with  those 
points  which  have  a  more  or  less  direct  bearing  upon  practice,  and 
will  not  comprise  the  more  purely  theoretical  disquisitions  which  are 
generally  met  with  in  works  treating  fully  of  the  sciences.  Further 
let  it  be  observed  by  the  reader  that  our  "  notes  "  will  not  be  given 
upon  any  specific  plan  of  arrangement.  In  special  treatises  the  case 
for  obvious  reasons  is  different :  there  systematic  treatment  is  always 
aimed  at,  although  it  be  not  in  all  cases  secured.  But  it  is  right  to 
state  that  while  our. notes  will  be  given  under  various  specific  heads, 
they  will  as  a  rule  be  given  so  far  systematically  that  one  note  on 
the  subject  of  which  it  treats  wiU  in  great  measure  so  lead  up  to 
the  subject  of  the  note  next  to  be  given,  that  a  fair  degree  of  natural 
or  systematic  sequence  will  be  secured. 

Some  Considerations  as  to  Certain  Terms  used  in  eonnection  with  tf  echanies  or 
the  Philosophy  of  Materials  as  distingnished  from  the  Philosophy  of  Mind. 

When  we  take  into  consideration  the  great  variety  of  machiney 
especially  if  we  have  much  to  do  with  machinery,  either  in  the  was, 
of  constructing  it,  or  employing  it  in  one  way  or  other  of  the  many 
branches  of  that  industrial  work  which  practically  constitutes  the 
whole  of  the  labour,  as  it  is  the  source  of  the  wealth,  of  the  nation, 
— ^when  we  see  around  us  in  every  department  of  life  some  evidence 
of  what  machinery  does  for  us  in  the  way  of  suppl3dng  our  necessities, 
adding  to  our  comfort  or  gratifying  our  tastes  and  liking  for  the 
beautiful  and  luxurious, — ^when  we  see  even  in  the  humbler  walks  of 
work.  If  not  machines,  at  least  mechanical  appliances,  which  owe 
their  existence  and  utilities  to  the  work  of  machinists,  or  are,  in 
themselves,  more  or  less  mechanical, — when  we  read  and  hear  talked 
about  everywhere  and  always  of  the  wonders  which  machinery  has 
done  and  is  doing,  and  how  much  it  has  contributed  to  our  wealth 
and  influence  as  a  people,  we  are  very  apt  to  look  upon  all  this 
accumulated  and  what  is  really,  per  ae,  in  and  by  itself,  marvellous 
evidence  of  man's  untiring  energy  and  industry,  as  the  result  wholly 
and  altogether,  of  man's  ingenuity  and  of  the  creative  powers  of  his 
intellect.  Nor  is  this  conception  in  any  way  altered  or  even  modified 
by  what  we  consider  and  talk  about  art  and  science;  very  much 
rather  is  it  intensified  and  still  more  settled  in  our  minds  as  a  fact 
or  truth  which  cannot  be  got  rid  of  or  gainsaid.  For  in  using  or 
thinking  about  these  terms  of  art  or  science,  we  just  as  readily  and 
unhesitatingly  define  and  decide  that  since  those  are  the  means  or 
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power  by  idiich  all  this  wonderful  aocumulation  ci  mechanical  force 
has  heen  created^  thej  themselves — the  art  or  the  sd^ioe— «re  the 
piodnci  of  man's  inherent  ability,  no  doubt  boilt  up,  so  to  say,  by 
the  experience  slowly  acqaired  throagh  a  long  series  of  centuries^ 
but  none  the  leas  the  wi^k,  as  they  are  the  evidences^  of  man's 
intellectual  power  and  untiring  energy.  Reasoning  thus  in  a  cirde^ 
we  natnrally  come  back  to  the  same  point,  and  therefore  decide 
that,  as  all  this  mass  of  machinery  existing  around,  and  met  with 
everywhere  and  everywhen,  is  dependent  apon  the  arts  and  sciences 
for  its  creation  and  existence,  as  those  are  solely  the  prodnct  of  man's 
ingenuity  or  intellectual  ability,  so  also  must  be  the  machineiy  which 
he  makes. 

Vatnral  Lawi,  «r,  ac  tb«y  mn  often  tanned,  tka  F»w«n  of  Satore. — 


Now  and  then,  but  on  the  whole  very  rarely,  do  we  find  that, 
along  with  the  words  "  art "  and  "  science,"  another  word,  that  of 
''  nature,"  is  associated.  If  used  in  conjunction  with  the  others,  it 
i^  but  too  often  used  in  a  totally  subordinate  sense,  simply  because 
in  the  popular  mind  it  occupies  but  a  very  subordinate  place.  When 
we  talk  of  the  wonders  of  science,  when  we  indulge  in  statements 
of  what  the  arts  have  done  for  us,  we  associate  with  the  terms  a 
wide  array  of  facts  around  us  on  which  we  greatly  pride  ourselves 
as  the  practical  product  of  the  one  or  the  other,  or  of  both  combined, 
as  they  often  are  combined,  as  evidenced  in  the  phrase  now  so  familiar 
to  us  all — "  Art  manufactures."  But  when  we  talk  of  the  powers  of 
nature,  we  have  but  veiy  vague  and  indeterminate  notions  of  what 
those  powers  are.  Popularly,  indeed,  it  may  be  said  that  they  are 
looked  upon,  at  the  best,  but  as  powers  of  no  great  practical  value, 
and  associated  chiefly  with  the  everyday  phenomena  of  what  are 
called  natural  circumstances  or  occurrences,  such  as  rain,  wind, 
thunder,  sunshine  and  douds.  And  to  those  who  have  listened  to  a 
lecture  upon  science  so  called,  and  to  a  bright-coloured  exposition  of 
what  art  is  capable  of  and  can  do  for  us,  it  would  be  a  matter  of 
no  great  surprise  to  be  told  that  upon  the  laws  of  nature  all  science 
depended ;  to  this  they  would  give  an  easy  sort  of  general  consent, 
not  caring  much,  at  least,  to  dispute  the  statement.  But  it  would  be 
a  matter  to  them  of  very  great  surprise  indeed  to  be  told  that  all 
of  the  complicated,  as  well  as  the  wide,  almost  endless,  range  of 
simpler,  but  in  their  way  as  useful,  mechanical  appliances  depended 
upon  thoM?  very  "laws  of  nature"  of  which  they  had  taken  but 
little  aoooiMt. 
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Apparent    Infinity    or    Endless    Number    of    the    Laws    regulating    and 

controlling  Natnral  Phenomena. 

While  others  would,  however,  having  formed  a  more  accurate 
notion  of  how  things  really  are  in  the  relation  of  nature  to  science 
or  the  work  of  man  generally — for  in  the  truest  sense  of  the  term 
all  man's  work  is  scientific — be  disposed  to  accede  to  the  truth  here 
stated,  they  would,  as  a  rule,  be  apt  to  associate  with  the  term  or 
phrase  "  laws  of  nature  " — to  which  they  would  be  willing  to  accede 
the  greatest  power  and  influence  in  all  that  concerned  man's  natural 
existence — ^the  idea  that  these  laws  were  so  numerous  as  to  be  quite 
bewildering,  and  that  if  a  knowledge  could  be  obtained  of  them  its 
acquirement  would  be  the  labour  of  a  lifetime.  This  conception, 
which  may  be  said  to  be  the  popular  one,  may  easily  enough  be 
accounted  for  when  we  consider  the  fact  that  the  phenomena  of 
nature,  numerous  and  endless  as  they  appear  to  be  and  in  great 
measure  are,  are  themselves  taken  each  individually  as  the  exponent, 
so  to  say,  of  a  separate  and  distinct  law.  There  are  others  who, 
having  a  more  accurate  view  of  how  matters  stand,  would,  however, 
be  ready  enough  to  see  that  a  great  number  of  what  appeared  to 
be  separate  and  distinct  phenomena  might  or  could  yet  be  classified 
as  derived  from  one  law;  so  that  possibly  the  whole  of  what  are 
called  natural  phenomena  or  occurrences  might  be  ranged  under 
general  laws  but  a  few  in  number. 

The  Varied  and  Varying  Phenomena  surrounding  us  are  all  Subject  to  but 

Two  Great  Laws  of  Nature. 

But  they  would  be  very  much  surprised  to  be  told  that  these  laws 
are  so  few  that  to  tell  them  off  on  the  fingers  of  the  hand  these 
fingers  would  be  so  far  from  being  exhausted  that  only  two  would 
be  taken  up.  And  this  is  really  so ;  for  each  one  of  the  indefinitely 
varied  and  varying  phenomena  which  we  call  "natural"  being  one  of 
the  movements  of  what  we  call  "  science,"  all  the  effects  of  what  we 
designate  "  art "  come  under  the  effect  of  one  or  other  of  two  laws 
only,  and  which  are  therefore  well  and  significantly  called  the  two 
great  laws  of  nature.  What  these  laws  are,  and  what  the  phenomena 
which  they  exhibit,  upon  which  the  work  of  the  mechanic  depends, 
we  shall  see  as  we  proceed.  The  mere  bald  statement  or  naming 
would  at  present  serve  rather  to  confuse  than  to  make  clear  what 
can  only  be  made  so  by  a  more  systematic  treatment  and  a  greater 
closeness  of  detail  Suffice  it  here  to  say,  as  in  itself  a  marvellous 
statement  of  what  controls  the  wonders  of  nature,  that  upon  the 
laws  which  promote  the  growth  of  plants,  create  the  breezes  which 
blow  over  them,  and  give  to  the  moisture  which  rests  upon  their 
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leaves  the  form  of  the  dewdrop,  depend  not  merely  all  the  other 
"  phenomena  "  to  which  we  give  (somewhat  wrongly,  however,  as  we 
shall  more  fully  see)  the  name  of  *'  natural,"  but  the  "  forces  "  which 
we  call  (as  wrongly  again)  "  motive  powers,"  by  which  every  machine 
we  use  is  set  to  and  kept  in  work,  and  every  motion  by  which  that 
work  is  done,  and  all  the  distinct  peculiarities  and  characteristics  of 
the  materials  of  which  the  parts  of  the  machine  are  made,  and  of 
the  substances  on  which  they  operate. 

Incalculable  Value  of  the  Material  Work  done  by  Man  in  availing  of  and 

applying  the  Great  Natural  Laws. 

What  has  been  said  materially  modifies  the  popular  conception 
that  all  the  varied  work  of  the  machinist  is  the  outcome  of  man's 
own  ability  to  design  and  to  construct,  as  if  each  were  by  itself  a 
distinct  and  separate  result  of  his  intellectual  power,  having  its  own 
laws  and  its  own  characteristics  as  quite  apart  from  some  general 
law  regulating  other  departments  of  his  work.  Or  this  other  con- 
ception, that  while  the  laws  of  nature  have  had  some  share  in  .the 
work,  by  far  the  larger  proportion  of  it  is  due  to  man,  and  the 
power  of  his  mind  and  the  energy  of  his  inherent  natural  powers. 
But  while  what  we  have  said  does  thus  materially  modify  popular 
conceptions,  it  does  not  lessen,  but  rather  per  contra  enhances  the 
value  of,  as  it  certainly,  rightly  regarded,  greatly  increases  the 
wonder  at,  what  man  has  by  the  value  of  this  mechanical  work  done 
for  humanity  at  large,  and — taking  a  more  limited  and  prevalent,  if 
it  be  a  more  selfish  view — for  our  own  people.  And  of  this  work  it 
would  be  almost  impossible  to  employ  laudatory  terms  so  high  that 
they  would  be  called  exaggerated.  For,  in  truth,  it  is  impossible  to 
overestimate  the  value  of  what  man  has  done  in  mechanical  work ; 
and  so  far  from  detracting  from  all  we  have  said,  it  enormously 
enhances  the  value  of  it  when  we  consider  that  it  is  all  based  upon 
two  laws,  numerous  though  the  phenomena  be  which  come  out  of  or 
arise  from  or  depend  upon  them.  For  if  we  remember  the  broad 
fact,  which  will  be  a  little  more  particularised  presently,  that  man 
has  had  everything  to  find  out  in  connection  with  the  doing  of  what 
is  called  work  upon  which  his  very  existence  depends,  and  this  from 
what  existed  around  him,  nothing  of  which,  so  to  say,  told  its  own 
tale  on  the  face  of  it,  we  may  form  some  faint  conception  of  what  his 
work  has  been.  We  say  faint  conception,  for  it  is  only  by  endeavour- 
ing to  trace  out  from  th«  earliest  times  what  man  must  have  had 
to  do  before  he  could  make  even  the  smallest  approach  to  the 
present  condition  of  things,  that  we  can  arrive  at  a  fair  idea  of  tho 
value  of  the  work  he  has  succeeded  in  doing. 
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General  Charaoter  of  the  Work  done  by  Man.^It8  Primary  Element. 

And  all  this  which  man  has  done  for  himself,  reduced  to  its 
simplest,  to  its  primary  or  essential  elements,  may  be,  as  indeed  it  is 
most  accurately,  defined  as  "  work  to  be  done."  And  this  by  availing 
himself  of  the  laws  of  nature,  through  certain  adaptations  of  material 
substances,  to  which  certain  forms  have  been  given.  What  this 
adaptation  demanded  from  man  is,  may  in  some  measure  be  under- 
stood from  what  we .  have  said — ^that  he  had  everything  to  learn 
concerning  what  he  was  surrounded  by.  In  the  minds  of  many, 
even  of  some  of  those  who  are  really  skilful  mechanics,  so  far  at 
least  as  construction  is  concerned,  the.  adaptation  of  the  laws  of 
nature  to  the  work  of  the  machinist  is  only  associated  with  the 
combinations  of  parts  of  the  machines,  with  what  are  called  their 
"  movements,"  and  with  the  force  or  forces  by  which  the  motion  of 
these  parts  is  first  created  or  brought  into  existence,  and  then 
maintained  or  supported  so  long  as  desired.  It  is  by  many  forgotten 
and  overlooked,  and  by  not  a  few  unknown,  that  the  characteristics 
or  peculiarities  of  what  are  called  materials — the  parts,  in  fact,  which 
distinguish  one  object  from  another,  which  tell  man  that  one  material 
is  different  from  another — depend  equally  upon  the  laws  of  nature 
which  control  and  regulate  forces  and  motions.  So  that  of  the  very 
materials  by  which  the  simplest  mechanical  help  he  made  was  formed, 
he  would  at  first  be  wholly  ignorant.  So  also  of  the  substances  with 
which  he  had  to  deal,  and  the  "  elements,"  as  they  were  and  still  are 
called,  by  which  he  was  surrounded.  So  accustomed  are  we  to  deal 
with  all  those  in  such  an  infinite  variety  of  ways,  so  completely  do 
we  make  them  subservient  to  our  various  wants  and  wishes,  that  it 
is  difficult  for  the  popular  mind  to  understand  how  there  could  be 
any  difficulty  in  knowing  all  about  them,  and  how  it  actually  took 
long  ages  of  patient  observation  and  of  painful  experience  before 
man  go  a  really  practically  available  knowledge  of  them.  And  to 
some  it  will  be  a  matter  of  great  surprise  to  be  told  that  of  some 
of  them  we  even  yet,  after  all  we  have  done,  know  but  a  little,  and 
of  others  that  all  we  do  know  of  what  they  really  are  is  that  we 
know  nothing,  and,  so  far  as  present  appearances  go,  the  likelihood, 
the  almost  certainty  is,  that  we  shall  never  know, 

A  Knowledge  of  tlie  Laws  of  Nature,  and  the  CapabiUty  to  apply  them  to  his 
Fraotioal  Work,  acquired  by  Kan  only  after  Centuriee  of  Patient  Observation 
and  Experimenting. 

To  put  it  paradoxically,  we  say,  all  that  we  do  know  is,  that  we 
know  nothing.  But  this  must  not  be  misunderstood.  Although  we 
do  not  know  what  certain  things  are,  we  know  what  phenomena 
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they  exhibit,  and,  what  is  of  infinitely  greater  importance  to  man- 
kind, we  know  what  they  can  do  for  us.  But  to  get  to  the  knowledge 
of  all  this  is  just  what  has  constituted  the  work  of  man  in  making 
the  laws  of  nature  subservient  to  his  purposes  when  applied  in 
certain  ways,  and  adapted,  so  to  speak,  to  certain  circumstances. 
Thus,  we  talk  about  that  to  which  we  give  the  name  of  light ;  but 
the  ablest  and  the  most  acute  of  our  scientific  men,  if  asked  to  say 
or  explain  what  it  is,  is  obliged  to  confess  that  all  he  knows  about  it 
is,  that  he  knows  nothing  absolutely :  there  is  more  than  one  theory  * 
on  the  subject ;  but  as  to  which  Ls  the  right  one,  all  that  can  be  said 
is,  that  much  can  be  said  on  both  sides.  But  if  asked,  on  the  other 
hand,  if  he  knows  of  its  phenomena,  or  of  the  laws  which  regulate 
those,  he  can  point  with  pardonable  pride,  as  evidence  of  how  much 
he  does  know  of  them,  to  what  by  their  aid  man  has  done  with 
the  telescope  in  revealing  the  wonders  of  the  infinite  space  of  the 
heavens ;  the  microscope  in  revealing  the  no  less  marvellous  wonders 
of  the  earth ;  to  the  lighthouse,  and  to  the  marvels  of  photography, 
and  many  other  branches  of  man's  work.  The  same  with  electricity : 
we  can  but  stand  humbly  aside,  and  when  asked  if  we  know  what 
it  is,  confess  that  we  know  nothing.  But  we  can,  as  in  the  case  of 
light,  point  with  satisfaction  to  what  our  knowledge  of  its  phenomena 
and  of  the  laws  on  which  they  are  dependent  has  enabled  us  to  do 
in  the  marvels  of  the  electric  telegraph  and  the  telephone ;  and  it 
is  difficult  to  say  what  it  will  yet  do  for  man  as  a  motive  power. 
All  this  is  no  less  true  of  lieat ;  and  the  work  man  can  do  with  it 
is  even  more  marvellous,  as  it  is  infinitely  more  diversified  in  its 
applications,  than  what  he  has  done  with  the  agencies  of  light  and 
of  electricity.  How  all-pervading  this  agency  or  law  of  heat  is,  and 
how  of  it  it  may  be  said  that  it  is  the  measure  alike  of  man's  life 
and  of  all  the  work  he  does,  no  matter  how  diversified  it  may  be, 
and  how  that  heat,  life,  and  work  may  in  some  sense  be  said  to  be 
synonymous  or  convertible  terms,  we  shall  see  more  clearly  as  we 
proceed  to  explain  the  two  great  causes  on  which  all  natural  pheno- 
mena depend. 

But  this  arrival  at  knowledge  of  natural  phenomena,  and  of  the 
laws  which  regulate  them,  was  gained  only  after  centuries  of  patient 
observation  and  still  more  patient  working  and  experimenting.  So 
much  accustomed  are  we  to  see  around  us  evidences  multiplied  a 
hundredfold  of  the  work  done  by  the  application  of  these  laws,  that 
we  rarely  give  a  thought  to  the  fact  that  it  took  centuries  in  the 
history  of  nian  before  he  had  accumulated  a  sufficient  knowledge  of 
the  phenomena,  and  devised  a  variety  of  contrivances  by  which  these 
laws  were  deduced,  and  th^ir  working  illustrated. 
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Every  mechanic,  for  example,  knows  what  is  done  by  taking 
advantage  of  the  principle  of  atmospheric  pressure — the  very  name 
of  which,  as  even  the  most  youthful  student  knows,  indicates  that 
it — the  atmosphere  or  air — must  be  a  substance  or  a  body  (to  use 
a  term  which  demands,  and  will  hereafter  receive  from  us,  a  fuller 
explanation,  as  it  is  air  which  plays  an  important  part  in  all  scientific 
disquisitions)  which  is  able  to  exercise  a  power  or  exert  an  influence 
of  a  physical  or  material  kind.  Yet  the  'young  student  may  be 
surprised  to  learn  that  for  ages  men  lived  in  ignorance  of  this  great 
truth  or  fact — so  long  a  period,  indeed,  of  his  history,  that  it  is  but 
little  more  than  two  hundred  years  ago  since  an  Italian  discovered 
the  law  which  regulated  atmospheric  pressure,  and  opened  the  way 
to  that  practical  application  of  it  of  which  we  have.an  almost  endless 
series  of  exemplifications  in  oiu*  machines,  instruments,  and  mecha- 
nical contrivances. 

« 

The  Work  of  the  Practical  Man  dependent  upon  the  Laws  of  Nature ;  long 
preceded  in  Early  Times  the  Knowledge  of  the  Theorist  as  to  those  Laws- 
Practical  Exemplifications. 

And  this  very  circumstance  now  noted  is  a  curious  exemplification 
of  a  truth  which  so  many  overlook,  and  to  which  many  have  never 
given  a  thought — namely,  that  as  a  rule  the  contrivances  of  man 
actually  put  to  do  certain  work,  and  which  were  in  fact  dependent 
upon  certain  natural  laws,  have  preceded  the  labours  of  the  man  of 
science,  by  whom  the  laws  have  been,  so  to  say,  scientifically  discovered 
and  enunciated  upon  which  those  phenomena  depended,  and  in  virtue 
of  which  those  contrivances  were  successful  for  the  object  had  in 
view.  Thus,  for  example,  although  man  for  ages  knew  nothing  of 
the  law  regulating  the  phenomena  of  the  atmosphere,  he  had  got  so 
far  acquainted  with  its  peculiarities  that,  where  prompted  by  his 
necessities,  he  had  worked  out  the  contrivance  known  as  a  ''  pump," 
by  which  he  could  lift  water  to  a  height  from  a  low  level.  In  the 
working  of  this  most  useful  contrivance,  men  knew  that  as  the 
plunger  was  lifted  or  raised  the  water  followed  it  closely,  leaving  no 
space  between.  Why  it  did  so  they  had  no  conception ;  but  as  man 
is  impelled  by  something  within  him  ever  to  be  seeking  for  "  reasons 
why"  (if  the  reader  will  but  think  it  out,  one  of  the  wisest  dis- 
pensations of  an  ever-wise  Creator  for  the  advancement  of  man's 
civilization),  he  gave  this  as  the  reason  for  this  action  of  the  pump — 
namely,  that  '*  Nature  abhorred  a  vacuum,"  that  is,  a  space  containing 
"  nothing," — which  would  have  been  the  case  had  the  plunger  con- 
tinued to  rise  in  the  barrel  or  tube  of  the  pump  without  the  water 
following  it.  When  men — and  the  characteristic  ia  as  powerfully 
existent  now  as  then— get  hold  of  a  reason  which  apparently  satisfies 
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the  conditions,  they  readily  enough  accept  it,  and  keep  to  it  till 
something  turns  up  in  the  range  of  practice,  compelling  them  either 
to  modify  it,  or  to  abandon  it  and  find  some  other  as  its  substitute. 
And  as  supposition  is  always  resorted  to  when  men  in  reality  do 
not  know  what  is  the  truth  of  the  matter,  they  can  but  conjecture 
only ;  and,  conjecture  being  easy,  we  find  enough  of  it  has  always 
been  in  existence,  and  no  less  exists  now  than  in  the  darker  ages  of 
man's  history.  We  can,  therefore,  in  this  matter  of  the  invention 
of  the  pump,  easily  enough  conceive,  from  the  very  nature  of  the 
circumstances  in  which  man  in  the  early  stages  of  his  civilization 
was  placed,  the  difficulties  he  had  to  deal  with  in  the  employment  of 
materials,  his  lack  of  tools  to  fashion  and  form  them,  that  pumps 
would  only  be  used  for  "  short  lifts,"  to  use  a  technical  expression 
now  commonly  in  use  to  denote  the  vertical  height  water  is  raised 
from  a  low  to  a  high  level.  To  make  a  long  barrel,  we  may  be 
certain,  was  for  ages  beyond  the  possibilities  of  mechanical  work; 
and  it  was  only  when  the  range  of  this  had  increased  that  the  reason 
for  the  action  of  a  pump,  which  before  satisfied  men,  had  to  be 
modified.  For  it  was  about  two  hundred  years  ago  that  a  pump 
larger  than  usual  was  fitted  up ;  but  it  was  found  that  by  no  method 
of  working  it  could  the  water  be  lifted,  or  "drawn  up,"  to  use  a 
common  expression,  beyond  a  given  height — ^thirty-four  feet.  A 
new  reason  had  then  to  be  given  for  this  new  condition  of  things  in 
the  working  of  a  pump,  and  it  was  a  mere  modification  of  the  old 
one — "  that  Nature  abhorred  a  vacuum,  but  only  beyond  heights  or 
lifts  of  thirty-four  feet."  This  the  youthful  student  will  see  was 
only  putting  forward  the  difficulty  to  some  other  point,  and  what 
that  was,  and  when  and  how  it  would  be  reached,  no  one  seemed  to 
know  or  care.  This  mode  of  deaUng  with  the  difficulty — acted  upon 
not  seldom,  we  may  also  say,  even  in  these  the  days  which  we  so 
proudly  call  "advanced" — did  not  satisfy  the  "men  of  light  and  lead- 
ing," of  whom  fortunately  more  than  one  lived  in  the  early  times 
we  write  of.  It  did  not  satisfy  one  thinking  mind,  who  by  patient 
"thinking  the  matter  out,"  and  by  as  carefully  conducted  experi- 
ments, discovered  the  law  of  atmospheric  pressure,  which  at  once  set 
aside  all  conjectures  and  so-called  reasons,  and  established  a  branch 
of  science — ^truly  so  named — ^which  has  been  of  such  wonderful  benefit 
to  mankind. 

We  concluded  the  preceding  chapter  by  referring  to  the  circum- 
stances connected  with  the  working  of  an  ordinary  pump,  which  led 
up  to  the  discovery,  by  Toricella  in  the  sixteenth  century,  of  the  law 
of  atmospheric  pressure.  We  do  not  say  that  this  law  would  not 
have  been  discovered  had  the  contrivance  of  the  pump  not  existed ; 
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but  we  have  to  deal  with  the  fact  that  it  was  the  existence  of  a 
pump  which  would  not  work  under  certain  circumstances  in  the  same 
satisfactory  way  that  other  pumps  had  worked  under  other  circum- 
stances, that  did  actually  lead  to  the  discovery  of  the  law.  And  we 
find  that  this  peculiarity  in  the  history  of  practical  mechanism  or 
engineering  has  been  exemplified  in  a  wide  variety  of  instances.  For 
generation  after  generation  practical  men  had  been  devising  contri- 
vances to  do  useful  work,  and  by  patient  labour  had  succeeded  in 
introducing  improvement  after  improvement,  not  merely  in  their 
general  design,  but  in  their  actual  construction,  by  improved  methods 
of  workshop  practice;  and  yet  all  had  been  done  by  what  was  literally 
"  rule-of -thumb  "  practice.  And  it  was  only  when  not  merely  the 
amount  but  the  comparatively  efficient  condition  of  mechanical  work, 
both  in  structures  and  machines,  had  arrived  at  a  certain  important 
stage,  that  learned  men  began  to  apply  scientific  reasoning  and 
research  and  mathematical  investigation  to  all  this  wide  variety  of 
mechanical  contrivances  and  structures,  and  discovered  the  formulae 
and  arranged  the  rules  and  calculations  which  we  the  successors  of 
the  mechanics  of  the  olden  times  use  daily  in  finding  the  exact  forms 
and  dimensions  which  give  us  the  maximum  of  mechanical  effect  and 
strength  with  the  minimum  of  material.  But  while  this  is  true  in 
the  main,  and  while  it  is  a  point  which  practical  men,  so  called,  are 
apt  to  glorify  themselves  and  "  their  craft "  in,  it  would  be  as  unjust 
as  it  would  be  wrong  for  the  mechanical  student  to  decide  in  favour 
of  the  long  and  still  contested  point,  that  "  practice  is  before  theory." 
On  the  contrary,  this  great  fact  must  ever  be  borne  in  mind,  that 

The  Combination  of  Theory  and  Practice  is  essential  to  all  Mechanical  Progress, 
to  the  Adaptation  of  Natnral  Phenomena,  and  to  all  the  Processes  and 
Operations  of  Industrial  or  Mechanical  Work. 

For  the  intelligent  reader,  exercising  his  gift  of  a  fairly  balanced 
mind,  will  not  fail  to  perceive  that  the  course  we  have  above  cited, 
which  is  but  one  of  many  of  a  like  kind,  while  it  may,  by  the  purely 
practical  man,  be  applied  as  a  proof  of  greater  value  of  practice  over 
theory,  inasmuch  as  the  scientific  man  or  theorist  could  have  done 
nothing  without  the  work  of  the  practical  man,  constitutes  just  as 
powerful  a  proof  that  theory  is  before  practice,  inasmuch  as,  had  the 
theorist  or  man  of  science  not  discovered  the  law  of  atmospheric 
pressure,  none  of  the  wide  range  of  practical  work  which  resulted 
from  its  knowledge  would  have  been  effected.  Indeed,  if  the  position 
as  between  theory  and  practice  be  forced  forward,  it  would  appear 
that  theory  is  the  more  important.  For  in  these  later  days  we  have 
evidence  abundant  enough  of  positively  new  fields  for  the  work  of 
the  practical  man  having  been  created  simply  by  applying  laws  and 
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discoveries  which  the  purely  scientific  man  has  found  out.  But  little 
surely  need  be  placed  before  the  student  to  prove  that  the  true  position 
of  the  theorist  and  the  practical  man  is,  that  each  is  essential  to  the 
other  before  the  work  in  view  can  be  actually  done :  the  head  can 
no  more  say  to  the  hand  *  I  can  do  without  thee'  than  the  hand  can 
say  the  like  to  the  head.  As  in  the  body  social,  so  in  that  mechanical, 
all  are  dependent  each  man  upon  his  neighbour ;  and  the  fields  which 
each  has  to  cultivate  are  surely  wide  enough,  and  the  work  to  be 
done  in  each  important  enough,  to  give  occupation  without  any  jarring 
of  interests.  From  all  that  has  been  said — and  we  could  say  a  vast 
deal  more,  so  prolific  and  inexhaustible  is  the  field  of  observation  and 
research  open  to  us — it  will  be  seen  by  the  student  that 

A  Knowledge  of  Natural  Laws  and  of  their  Flienoniena  is  essential  to  tlie 
Mechanic. — The  Great  Inheritance  of  Accnmnlated  Facts  bestowed  upon 
us  by  our  Predecessors. — ^Its  Value  to  the  Student  and  Practician. 

All  machines,  however  complicated  in  their  construction  and  in 
the  movements  or  motions  which  characterise  them,  when  analysed 
or  stripped  of  what  may  be  called  their  outer  integuments,  will  be 
found  in  every  instance  to  be  dependent  upon  some  one  natural  law 
or  another.  In  other  words,  the  parts  used  by  the  mechanic,  how- 
ever much  they  may  give  evidence,  as  they  do  give  evidence,  of  his 
intellectual  powers  in  creating  combinations  to  do  certain  work, 
could  not  possibly  do  that  work  if  those  natural  laws  did  not  exist, 
or  existing  as  they  do,  if  they  were  not  obeyed ;  or  so  controlled  that 
.they  are  not  allowed  to  act,  as  they  can  be  controlled  either  wilfully 
or  by  ignoi-ance,  the  most  ingenious-looking  arrangement  of  mechanical 
parts  would  be  worth  nothing,  and  this  is  simply  the  reason  why  so 
many  machines  which  promise  fair  are  failures.  It  would  appear, 
therefore,  to  the  student  thjit  no  one  would  be  so  foolish  as  to  fight 
against  nature,  to  use  a  familiar  expression.  But  the  history  of  man 
in  the  mechanical  world  abounds  with  too  many  and  too  painful 
instances  of  what  man  has  done  and  suffered  in  this  very  same  and 
hopeless  cause.  If  a  correct  knowledge  of  natural  laws  was  possessed 
by  practical  men,  we  should  find  but  few  examples  of  what  are  called 
practical  failures  And  the  reason  why  we  have  made  such  enormous 
progress  in  mechanical  work  is  simply  this — that  we  have  entered,  so 
to  say,  into  the  inheritance  accumulated  by  men  in  former  days,  in 
following  closely  in  the  lines  which  natural  laws  indicated.  It  is 
impossible  for  us  now  to  overestimate  the  value  of  this  inheritance. 

Popular  or  General  Overlooking  of  the  DifficultieB  the  Early  Workers  had  to 
do  in  bequeathing  to  us  the  Valuable  Inheritance  of  Accumulated  Facts. 

It  is,  however,  too  true  that  so  far  from  being  likely  to  err  in 
this  overvaluing  of  it,  as  a  rule  we  seldom  think  about  it,  and  when 
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we  do,  we  fail  to  comprehend  all  that  it  conveys,  or  to  think  of  what 
work  our  predecessors  had  to  do,  and  the  enormous  difficulties  they 
had  to  encounter  at  every  step  of  their  progress.  "We  talk  and  write 
glibly  enough  of  the  wonderful  work  we  do  in  this  nineteenth 
century  of  ours ;  but  if  "  judgment  was  to  be  laid  to  the  line  and 
justice  to  the  plummet, ''  in  this  matter  the  decision  would  be  that 
our  predecessors  did  in  reality  work  infinitely  more  difficult  than 
we  do.  They  had  everything  to  find  out  and  do :  they  had  not  only 
to  find  out  all  about  materials,  whether  they  were  adapted  or  not  to 
their  purposes,  but  they  had  by  patient  labour,  and  this  under  the 
most  disappointing  and  disheartening  of  trials,  to  find  out  and  make 
the  tools  by  which  the  materials  were  worked  into  shape  and  form, 
and  fitted  together  to  serve  the  object  in  view.  And  no  less,  but 
infinitely  more  disheartening,  the  efibrts  must  have  been  to  find  out 
how  these  purposes  could  be  served.  Every  step,  and  that  the  least 
equally  with  the  most  important,  had  to  be  taken  with  infinite  labour, 
and  each  attended,  as  all  must  have  been  at  the  first,  with  most 
disheartening  mistakes.  We  have  all  this  ready  to  our  hand,  and  it 
is  ever  an  easier  thing  for  man  to  improve  than  to  discover  or  invent, 
easier  to  do  work  with  the  accumulated  experience  of  a  host  of 
predecessors,  than  when  we  have  no  experience  of  our  own.  It  is 
comparatively  easy  to  reach  a  certain  point  in  a  country  when  the 
road  is  laid  out  for  us ;  the  hardest  labour  was  what  our  predecessors 
had  to  do,  not  only  in  the  making  of  it,  but  in  finding  out  whethei 
its  direction  would  take  them  to  the  point  to  which  they  desired  to 
go.  This  last  point,  indeed,  which  represents  the  root  or  base  of  a 
matter,  is  but  too  apt  to  be  forgotten  by  those  who  trudge  easily 
along  the  road,  certain  that  it  will  take  them  to  their  destination. 
All  labour  such  as  this  pointed  out  has  been  done  for  us,  and  as  it 
is  of  necessity  the  most  difficult,  we  have  at  least  less  occasion  to 
talk  and  write  so  glibly  of  what  we  do.  We  are  the  last,  as  indeed 
we  should  be  the  last,  to  underrate  the  vast  importance  oftnf. 
mechanical  work  we  actually  do  in  this  wonder-working  age  of  ours. 
All  that  we  here  contend  for  is  that  the  student  should  think  well 
over  how  much  we  are  indebted,  in  the  doing  of  it,  to  those  who  found 
out  not  merely  the  lines  upon  which  we  work,  but  the  appropriate 
materials  and  the  methods  of  working  those  which  seem  essential 
to  it. 

ValuaMe  Lessoni  to  be  learned  by  the  Student  from  the  Foregoing 
Ciroanutances  in  the  History  of  Mecbanical  Work. 

And  this  thinking  out  we  do  not  recommend  to  the  student  of 
the  laws  of  mechanics  simply  as  an  interesting  object  of  study.     It 
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has  thus  an  intense  interest,  but  it  possesses  something  more.  Its 
educational  influence  is  of  the  highest  order,  and  the  student  cannot 
possibly  rise  from  its  study  without  having  learned  lessons  of  the 
highest  value  to  him  in  his  daily  practice ;  nor  is  it  at  all  unlikely, 
if  he  be  himself  gifted  with  some  at  least  of  the  attributes  of  genius, 
that  in  learning  something  of  the  discoveries  of  his  predecessors  he 
may  be  led  to  make  some  discovery  of  his  own.  But  if  from  the 
study  we  here  recommend  him  he  learns  no  other  lesson  than  the 
habit  of  patient  inquiry  and  laborious  painstaking  exertion,  he  will 
in  truth  be  more  than  repaid  for  such  work  as  the  study  has  involved. 
And  he  will  assuredly  rise  from  it  with  the  profound  conviction  of 
the  priceless  value  of  the  inheritance  bequeathed  to  the  mechanics 
of  the  present  day  by  their  ancestors,  and  he  at  least  will  not  be 
disposed  to  take  up  and  use,  as  a  mere  matter  of  course,  aids  and 
helps  to  work,  without  thinking  of  what  had  to  be  done  by  those 
who  gave  to  them  a  practical  existence.  We  shall  find,  as  we  proceed 
to  glance  at  the  natural  laws  on  which  all  mechanism  is  based, 
numerous  evidences  in  illustrations  taken  from  practice  of  the  diffi- 
culties which  surrounded  the  discovery  even  of  points  in  construction 
and  design  of  mechanism  of  which  the  great  majority  of  us  talk  as 
if  but  trifles,  to  which  no  thought  whatever  is  necessary  to  be  given. 
But,  leaving  this  wider  illustration  to  future  paragraphs,  it  will  serve 
all  the  purposes  we  have  here  in  view  if  we  allude  in  the  briefest 
way  to  circular  motion  or  movement.  This  is  one  of  the  things  of 
which  we  avail  ourselves  in  a  variety  of  ways,  as  a  mere  matter  of 
course.  But  those  to  whom  thought  on  the  subject  is  new  will 
doubtless  be  somewhat  surprised  to  learn  that  there  is  every  proba- 
bility that  it  took  man  ages — a  positive  certainty  thdt  it  must  have 
taken  at  least  many  generations  of  experience  in  life — to  find  it  out ; 
and  when,  to  slightly  vary  the  words  of  one  of  our  ablest  modern 
machinists,  he  did  find  it  out,  it  proved  to  be  one  of  the  grandest 
mechanical  discoveries  he  ever  made,  because  it  fitted  in  so  conveniently 
with  the  nature  of  things  as  they  exist  in  the  world,  or  was  the  most 
preferable  and  most  convenient  for  man  to  deal  with  and  control,  to 
receive,  store  up  and  to  convey  force  in  motion.  Of  the  points 
essential  to  be  considered,  in  this  and  in  other  departments  of 
mechanism,  full  information  will  be  found  in  the  various  succeeding 
paragraphs. 

General  Statement  as  to  the  Proposed  Mode  of  Treatment  of  the 
General  Subject  of  the  Present  Work. 

And  here,  before  proceeding  to  give  our  remarks  on  the  leading 
subjects  of  our  papers,  a  few  words  we  deem  necessary  as  to  the 
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method  in  which  they  are  arranged,  and  of  the  principle  on  which 
that  arrangement  is  for  the  most  part  based.  That  principle  may  be 
briefly  delribed  as  taking  up  th^  subjects  in  whaUe  ^nsid^  to 
be  their  natural  sequence.  For  example,  there  are  certain  terms 
which  are  met  with  in  nearly  every  mechanical  description,  which 
are  concerned  with  and  named  repeatedly  in  the  enunciation  of  every 
mechanical  law,  and  which  terms  indicate  conditiona  without  which 
no  arrangement  of  mechanical  parts  or  combinations  can  be  made  to 
do  mechanical  work.  These  terms  we  take  as  the  starting  point  of 
our  disquisitions  on  the  natural  laws  on  which  all  mechanism  is 
dependent,  and  which  give  existence  to,  modify  and  control  the 
condition  of  all  the  materials  which  are  used  in  the  construction  of 
machines,  and  of  ail  the  substances  with  which  machinery  in  industrial 
work  has  to  deal.  And  as  we  proceed  to  describe  what  those  terms 
are  which  are  used  in  connection  with  mechanical  devices  or  con- 
structions connected  with  them,  we  shall  find  that  other  terms 
indicating  other  natural  laws  and  conditions  flow,  so  to  say,  naturally 
and  consequentially  out  of  them.  These  in  turn  we  shall  take  up 
and  consider,  and  those  in  turn  will  have  other  laws  and  conditions 
which  in  like  manner  proceed  from  or  flow  out  of  them  coming  up 
also  for  consideration ;  we  shall  thus  by  an  exhaustive  process  take 
up  and  deal  with  all  the  points  connected  with  the  natural  phenomena 
affecting  or  rather  underlying  all  the  work  with  which  the  practical 
mechanic  has  to  deal. 

Further  ConBiderations  of  a  Practical  Character  eonnected  with  the  Proposed 

Mode  of  treating  the  General  Snbject, 

And  here,  as  explanatory  in  some  degree  of  the  way  in  which  we 
shall  carry  this  arrangement  of  subjects  out,  and  for  other  reasons 
which  shall  presently  be  obvious,  we  deem  it  necessary  to  allude  to 
what  may  be  called  a  special  characteristic  of  the  present  times-:- 
namely,  a  tendency  which  seems  to  our  mind  unfortunately  a  growing 
one,  to  discuss  and  consider  mechanical  subjects  or  laws  which  deal 
obviously  and  alone  with  material,  or  as  they  may  be  called  mechanical 
points,  in  an  abstract  way,  which  is  almost  if  not  wholly  metaphysical. 
We  are  of  course  far  from  maintaining — which  to  maintain  would 
be  simply  absurd — that  mechanical  laws  and  considerations  do  not 
involve  points  which  are  intellectual,  and  being  so,  must  to  a  certain 
extent  involve  those  connected  with  metaphysics  or  the  science  of 
mind,  otherwise  and  often  termed  "mental  philosophy.''  It  is 
scarcely  necessary  to  say  that  on  the  contrary  we  hold,  what  is  in 
fact  incontrovertible,  that  the  study  of  mechanics  and  the  laws  which 
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regulate  its  practical  work,  involves  and  demands  the  exercise  of  the 
highest  intellectual  or  mental  powers.  But  what  we  particularly 
refer  to  in  the  above  statement  as  to  the  present  tendency  of 
discussion  of  mechanical  subjects  is  the  application  to  it  of  that 
branch  of  intellectual  training  which  is  best  known  by  the  name  we 
have  applied  to  it — "metaphysical."  Now,  without  in  any  way 
detracting  from  the  value  of  metaphysical  disquisitions,  or,  as  we 
may  put  it,  logical  argumentations,  we  may  in  all  modesty  declare 
that  in  the  application  of  this  method  to  the  discovery  of  mechanical 
laws,  and  subjects  dependent  upon  those,  a  danger  is  likely  to  arise 
of  great  practical  moment  to  students,  and  of  those  especially  the 
youthful. 

Danger  arising  to  the  Student  of  Mechanics  from  loosely  indulging  in  Conjecture 
or  Hypothesis  as  to  certain  Natural  Phenomena. 

What  this  danger  is  we  shall  presently  very  briefly  allude  to, 
more  special  illustration  of  it  being  met  with  in  succeeding  para- 
graphs. Without  attempting  to  be  very  precise  in  our  definition  of 
the  characteristics  of  the  metaphysical  method  of  discussing  subjects, 
we  may  with  some  safety  decide  that  Metaphysics  considered  as  a 
science  has  as  a  rule  to  do  with  "abstract"  thought, — Mechanics  as 
a  science  with  "concrete"  considerations.  These  terms  here  placed 
in  inverted  commas  may  be  explained  in  a  way  quite  practical  enough 
for  our  present  purposes  when  we  say  that  Metiaphysics  may  be  said 
as  a  rule  to  deal  with  conjectures  or  hypotheses — Mechanics  with 
fa^ts.  Engineering,  which  is  but  a  more  comprehensive  term  for  the 
last  named  science,  has  been,  and  as  we  think,  as  truly  as  aptly, 
termed  "the  science  of  observation."  Now,  in  the  truly  practical 
sense  we  can  only  observe  facts — that  is,  the  condition  in  which 
things  actually  exist  around  us,  and  which  we  can  make  available  in 
one  way  or  another,  and  adapt  to  the  working  purposes  of  daily  life. 
And  it  is  upon  the  facts  which  a  long  succession  of  generations  of 
mechanics  have  observed  that  the  magnificent  structure,  so  to  call 
it,  of  mechanical  and  engineering  work  we  see  everywhere  around 
us  is  based  and  has  been  reared.  Now,  the  danger  which  we  fear  is 
likely  to  arise — has,  indeed,  arisen  in  the  experience  of  more  than 
one  youthful  student  of  mechanics — from  the  tendency  to  discuss 
and  decide  mechanical  subjects  metaphysically,  that  is,  by  the  aid  of 
assumptions  and  conjectures,  or  to  use  the  more  learned  term  hypo- 
theses, is  created  in  this  way.  It  is  admitted  on  all  sides — what 
indeed  could  not,  with  any  show  of  reason,  be  denied,  however  pleasing 
to  the  vanity  of  man  if  it  could  be  denied — that  there  are  in  connection 
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with  a  pretty  wide  variety  of  what  we  call  scientific  subjects,  some 
things  of  which  we  know  nothing,  that  is,  we  cannot  say  what  they 
are.     Some  of  these  things  have  been  already  named,  so  it  is  not 
necessary  farther  to  allude  to  them.     But  if  we  do  not  absolutely 
know  what  those  things  are,  we  may  however  conjecture,  in  other 
words  guess,  at  this.     No  one  could  for  a  moment  dispute  the  right 
of  any  other  to  say  what  he  thinks  such  and  such  things  are.     But 
what  is  the  right  of  one  is  clearly  the  right  of  all.     Hence  we  may 
have,  in  connection  mth  but  one  natural  phenomenon  or  class  of 
phenomena,  not  one  but  several  kinds  of  conjectures,  or  a  great 
number  of  guesses,  or  what  may  be  called  theories.     In  such  cases 
the  right  or  the  learned  word  to  use  is  "  hypothesis,"  and  this  means 
practically  a  guess.     It  is  derived  from  the  Greek  hupothesis,  which 
means  a  thing  **  placed  under  " — in  other  words  a  supposition,  this 
word  itself  being  derived  from  two  Latin  words,  sub,  under,  and 
ponere,  to  place.     If  we  have,  for  example,  a  body  before  us,  we 
can  see  it,  handle  it,  and  possibly,  if  not  too  heavy,  move  it :  the 
body  itself  is  what  we  call  a  fact,  about  which  no  one  disputes  so  far 
as  it  is  concerned.     It  is  there,  and  there  it  remains  to  stare  us  in 
the  face,  asserting  itself  the  fact  that  it  exists.     But  if,  not  content 
with  this,  we  desire  to  know  what  it  w,  what  it  is  absolutely  and 
truly  composed  of,  and  we  find  on  examination  that  there  is  such  a 
peculiarity  about  it,  that  while  one  says  it  is  composed  or  made  up  of 
one  thing,  another  says  another,  and  so  on,  we  would  scarcely  blame 
one  who  came  forward  and  said  *  You  hww  absolutely  nothing  about 
it, — and  if  you  were  aware  of  the  fact  that  generation  after  gene- 
ration of  men  had  passed  away  all  of  whom  had  been  trying  to  find 
out  what  the  body  was  composed  of,  but  could  not,  you  would  not 
be  surprised  to  be  told  that  you  not  only  do  not  know  now,  but  very 
probably  never  will  know.'     Now,  all  that  has  been  said  about  this 
supposed  body,  as  to  what  it  is  or  is  composed  of,  are  called  "  h3rpo- 
theses,"  suppositions,  or  guesses ;  and  the  same  holds  or  may  hold 
true  of  what  can  be  done  with  the  body  or  how  it  can  be  used,  seen, 
handled  or  moved.     Take  the  moving  of  the  body,  for  example — 
which  is  done  say  by  the  hands  pressing  on  it,  by  exerting  what  we 
call  the  power  or  force  of  the  arm.     One  finds  that  he  can  move  it, 
and  this  power  we  in  like  manner  have  agreed  to  call  by  the  name  of 
force,  and  in  this  instance  the  muscular  force  or  the  power  of  the 
body.     Why  these  names  are  given  we  shall  see  presently.     But 
when  men  begin,  just  as  we  suppose  they  did  when  trying  to  tell 
what  the  body  was,  of  which  they  knew  nothing — to  try  to  tell  what 
this  something  they  agree  to  call  "  force "  is,  we  find  that  one  says 
it  is  this  or  caused  by  this,  another  that  and  caused  by  that.     And 
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SO  one  may  come  forward  and  say,  as  before  'You  kTiow  nothing 
about  it  in  reality,  any  more  than  you  know  about  life  what  it  is, 
and  are  not  likely  ever  to  know/ 

But  while  it  is  not  given  to  man  to  know  certain  things  about 
bodies  or  substances  (and  it  is  those  with  which  the  mechanic  has  to 
deal),  enough  is  given  him  to  know  about  them,  their  properties,  and 
what  they  do,  or,  as  engineers  say,  how  they  "  behave  "  under  certain 
circumstances  in  which  man  places  them  :  in  other  words,  all  the 
phenomena  or  facts  concerning  them.     Now,  do  not  let  the  youthful 
reader  suppose  that  we  deprecate  the  attempt  to  explain  what  those 
substances  really  are,  we  mean  in  this  their  ultimate  or  final  cause, 
or  what  those  influences  really  are — to  which  we  have  given  certain 
names — which  bring  about  or  cause  certain  effects,  which  we  call 
phenomena.      It  is   not  merely  a  legitimate  exercise,   but  it  is  a 
beneficial  exercise  for  the  mind,  to  make  suppositions,  form  conjec- 
tures, or  frame  hypotheses,  or  what  are  called  "  theories,"  to  account 
for  all  those  phenomena  about  the  circumstances  of  bodies  or  sub- 
stances :  nay,  more,  hypotheses  or  theories  have  a  positively  useful 
place.     All  that  we  now  contend  for  is,  that  in  things  and  upon 
points  which  every  one  admits  we  know  nothing  absolutely  certain 
of,  and  therefore  only  conjecture  or  guess  about,  we  shall  not  insist 
upon  our,  or  any  one's  conjectuie  we  may  espouse  or  support,  being 
correct,  and  that  simply  because  we  ourselves  believe  in  them,  we 
expect  that  others  shall  do  so  also.     But  we  would  go  further,  and 
say  that   as  we  have,  fortunately  for  the   progress  of   man,  /acts 
enough  about  bodies  and  substances  which  we  do  positively  know, 
for  we  have  the  evidences  of  our  senses  in  proof  of  their  existence  in 
a  very  marked,  and  not  seldom  in  a  painful  way, — it  is  the  wisest 
thing  to  do  to  frame  hypotheses  or  propound  theories  which  fit  in 
BO  well  with  facts  that  the  common  sense  of  nearly  every  one  tells 
them  that  there   is  nothing  incongruous  or  contradictory  between 
them.     And  further,  that  no  demand  is  made  by  the  theories  upon 
the  mind  to  believe  in  and  understand  things  which,  from  theii*  very 
nature,  and  indeed  from  the  very  words  and  terms  used  to  describe 
or  explain  them,  common  sense  as  a  rule  tells  us  are  in  reality  beyond 
the  comprehension  of  most  minds,  simply  because  this  same  common 
sense  tells  us  that  we  cannot  positively  be*  certain  of  their  existence. 
Now,  the  veiy  diversity  of  opinion  to  which  we  have  alluded  is  shown 
in  many  of  what  are  called  theories  of  mechanics,  and  in  this  very 
diversity  lies  the  proof  that  men  know  nothing  absolutely  of  what 
the  theories  are  based  upon.     Men  do  not  dispute  about  what  every 
one  is  agreed  about :  two  and  two  every  one  knows  to  be  equal  to 
four,  and  as  all  believe  in  this  no  one  disputes  it. 
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The  Theories  of  Mechanics  generally  accepted  by  Scientiflc  Men,  so  accepted 
because  they  fit  well  in  with  and  afford  a  Convenient  or  Beasonable  Method 
of  studying  Natural  Phenomena  and  applying  those  to  Practical  Work. 

And  this  is  so,  not  that  the  men  of  science  know,  or  even  profess 

to  know,  all  about  the  phenomena,  or  pretend  to  say  that  theii* 

definitions  of  certain  terms  are  absolutely  correct :  they  merely  accept 

them — and  we  can  affirm  that  they  constitute  the  great  majority — 

for  the  reason  stated  in  preceding  paragraph.     And  they  are  in  the 

fullest  sense  justified  in  so  accepting  them,  inasmuch  as  they  can 

assert  with  no  small  degree  of  pardonable  pride  that  all  the  gigantic- 

and  varied  works  of  our  modern  engineers  and  mechanics  have  been 

worked  out  upon  the  lines  or  in  connection  with  such  devices.     In 

what  we  deem  it   necessary  to  give,    therefore,  on  the  theory  of 

mechanics,  we  purpose  to  go  upon  the  lines  and  to  follow  upon  the 

principles  about  which  the  great  majority  of  scientific  and  practical 

men  are  fully  agreed :  principles  which  make  up  a  theory  of  mechanics 

which  fits  in,  on  the  whole,  so  admirably,  and  it  may  be  said  so 

logically  or  reasonably,  with  the  facts  of  daily  experience,  that  by 

its  help  men  have  been  enabled  to  bring  into  existence  all  the  wide 

range  of  mechanical  helps  in  the  doing  of  man's  works  which  we 

see  around  us.     And  what  has  enabled  mechanics  and  engineers  as 

a  body  to  do  so  much  practical  work  may  well  decide  the  youthful 

reader  who  purposes  to  follow  during  his  after  life  in  their  steps  to 

conclude  that  the  theory  which  has  suited  them  may  well  suit  him, 

— better  than  one  or  other  of  the   theories  which  make  demands 

upon  his  belief  which  he  instinctively  feels  that  if  it  is  not  impossible, 

yet  it  is  very  difficult,  for  him  to  believe.     And  then  this  other,  and 

the  very  common-sense  consideration,  is  sure  to  come  up  in  the  mind 

of,  or  at  least  should  not  be  lost  sight  of  by  the  student — namely, 

seeing  that  there  are  so  many  theoiies,  or  so  many  explanations  or 

hypotheses,  and  all  of  them  difficult,  which  of  them  is  he  to  believe 

and  accept  as  his  theory  1     It  may  be  that  one  is  correct,  but  which 

is  the  one  is  a  question  which,  seeing  that  it  is  impossible  to  anssver 

satisfactprily,  may  well  decide  the  student  to  rest  satisfied  with  the 

principles  upon  which  all  that  mechanics  have  hitherto  done,  and 

are  in  fact  daily  doing,  depends.     For  the  present  at  least  we  counsel 

the  youthful  student  not  to  venture  a  voyage,  so  to  say,  upon  the 

sea  of  scientific  theories,  conjectures,  or  mere  guesses — the  waters  of 

which  are  not  always  calm,  but  somewhat  frequently  disturbed  by 

winds    and   waves   of   discussions  which  in   their  warmth   are   not 

always  consistent  with  the  spirit  in  which  scientific  discussions  should 

be  carried  on. 
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The  Terms  used  in  connection  with  the  Explanations  or  De?cription  of  the 
Laws  on  which  Natural  Phenomena  depend — the  Basis  of  what  is  called 
the  Science  of  Kechanics. 

In  giving  what  we  deem  it  necessary  for  the  youthful  student  in 
mechanics  to  know  upon  the  "  old  lines  "  we  have  indicated,  we  shall 
endeavour,  in  giving  the  terms  necessary  to  our  remarks,  to  explain 
clearly  what  those  terms  are — that  is,  what  they  mean.  This  is 
necessary,  for  we  do  not  write  for  those  who  know  and  could  easily 
explain  what  they  know  better  than  we  do ;  we  write  for  those  who 
do  not  know  the  subject.  The  very  fact  that  they  wish  to  know 
what  we  write  in  order  to  learn  is  proof  that  it  is  our  duty  to  teach. 
Kow,  a  teacher  should  never  assume  that  his  pupils  know  what  he 
knows  or  ought  to  know.  In  explaining  terms,  then,  we  purpose  in 
all  cases  to  give  their  roots — that  is,  to  show  what  words  they  are 
derived  from.  As  a  rule,  all  our  scientific  terms  are  derived  from 
the  Greek  or  the  Latin,  or  what  we  call  the  classical  languages ; 
sometimes  from  the  French  directly,  sometimes,  though  but  rarely, 
from  the  German ;  and  the  French  words  are  themselves  in  many 
instances  derived  from  the  Latin.  And  this  purpose  of  giving  deri- 
vations of  terms  we  have  decided  upon,  having  a  profound  belief, 
derived  from  a  fairly  wide  experience  of  what  both  working  men  and 
students  are,  that  those  derivations,  at  least  in  many  instances,  throw 
a  clear  and  full  light  even  upon  the  principles  of  which  the  terms 
have  been  adopted  for  a  name ;  and  in  all  other  cases  they  help  at 
all  events  to  make  the  student  better  suxjuainted  with  the  subject, 
and  with  the  "real  value  of  words,"  than  without  their  derivations  he 
would  be.  On  this  point  we  do  not  require  to  say  more,  inasmuch 
as  the  subject  is  gone  into  with  that  fulness  which  its  importance 
assuredly  deserves  in  the  Preliminary  Dissertation  to  the  "Dictionary 
of  Technical  and  Trade  Terms,"  published  in  this  series.  Only 
this  requires  to  be  remarked  here  :  that  it  may  be  by  some  thought 
that  in  defining  the  "  terms "  of  the  science  of  mechanics  in  this 
present  paper  we  shall  be  simply  repeating  what  may  be  found  in 
the  appropriate  section  of  the  "Dictionary."  To  which  it  is  only 
necessary  to  reply  that  what  we  give  here  will  be  sufficiently  full, 
and  no  more,  for  our  special  purposes ;  the  more  complete  and  full 
definition  being  found  an  the  "  Dictionary."  Further,  should  there 
be — as  in  a  limited  sense  it  may  be  truly  said  that  there  is — some- 
what of  a  repetition,  we  think  that  repetition  directly  useful  in  this 
paper,  inasmuch  as  the  reader  will  find  what  we  give  as  to  the 
meaning  of  terms  most  conveniently  placed  in  relation  to  the  matter 
being  discussed,  so  that  he.  is  not  called  upon  to  interrupt  the 
continuity  of  his  reading  by  turning  to  the  "  Dictionary "  to  know 


THE  TECHNICAL  SIUDENT's   INTRODUCTION   TO   MECHAKICS.    21 

what  the  meanings  of  the  terms  are.  This  consideration  would  alone 
justify  a  repetition  of  definitions,  even  had  that  been  giyen  as  fully 
as  we  have  shown  that  it  is  not.  For  that  fulness  reference  must  be 
made  to  the  "  Dictionary." 

Certain  Terms  eontinually  recurring  in  all  Blsqulsitionfl  on  **  Mechanics  **  or 

Descriptions  of  Mechanical  Work. 

In  the  foregoing  paragraphs,  while  glancing  at  certain  points 
connected  with  the  subject  of  mechanism,  and  that  in  the  most 
general  of  ways,  as  purely  introductory  to  the  specific  disquisitions 
now  about  to  be  commenced,  it  was  impossible  to  proceed  without 
using  certain  terms;  and  of  those  the  reader  would  not  fail  to 
observe  that  two  came  up  for  frequent  usage,  these  being  Motion  and 
Force.  We  have  said  that  we  purposed  founding  our  remarks  upon 
the  principles  or  laws  upon  which  all  mechanical  work  is  based  in 
what  we  have  called  the  natural  sequence  of  subjects,  or  what 
appears  to  us  to  be  so.  Now,  we  cannot  conceive  of  any  arrange- 
ment of  mechanical  parts,  however  simple  or  complicated  those 
may  be,  doing  what  we  call  "work"  without  movement  of  some 
of  these  parts,  or  taking  it  as  a  whole,  without  the  machine  being 
in  motion.  On  the  other  hand,  it  is  just  as  difficult  to  conceive 
how  this  motion  can  exist  unless  it  be  produced  by  some  cause  or 
another.  To  that  cause  which  produces  the  effect  of  the  motion 
which  always  accompanies  or  in  fact  does  the  work,  the  naixie  force 
has  been  given.  To  the  consideration  of  these  two  terms,  then,  we 
now  direct  the  attention  of  the  reader — taking  that  of  force  first,  in 
accordance  with  the  natural  sequence  of  the  subject,  it  being  the 
cause  which  produces  the  effect,  that  is  of  motion. 

<'  Force,"  one  of  the  Terms  so  frequently  used  in  Mechanical  Disquisitions, 
and  referred  to  in  Preceding  Paragraph.— Points  connected  with  the 
Term. 

The  definition  of  force  has  given  rise  to  discussions  which  have 
for  long  time  occupied  the  attention  of  scientific  men,  and  will 
apparently,  from  all  we  see,  continue  to  do  so  for  long  time  to  come. 
And  judging  from  the  variety  of  opinions  held  concerning  it,  and  of 
the  like  or  a  greater  number  of  definitions  resulting  from  those,  it 
seems  to,  be  one  of  those  things  which  no  fellow  can  understand. 
Nor  is  this  discussion  less  marked  than  are  other  subjects  of  scientific 
discussion,  if  not  with  the  warmth  of  personality  which  begets 
expressions  which  surely  in  cooler  moments  must  be  regretted,  at 
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lea^  certainly  with  a  dogmatism,  which  might  weU  be  spared.  .In' 
connection  with  which  discussion,  it  appears  to  ns  that  the  paradoxical 
yet  suggestive  phrase,  "  More  would  be  said  if  less  were  said,"  might 
well  and  reasonably  be  applied.  And  certainly  it  is  unfortunate  for 
at  least  the  student  of  the  principles  of  mechanics  who  is  about  to 
begin  his  work  of  practical  study,  to  meet  at  the  very  threshold  of 
his  career  of  thought  such  a  diversity  of  opinion  as  to  what  that  is 
to  which  common  sense  tells  him  he  owes  the  working  existence  of 
the  machines  he  makes,  and  which  he  knows  is  exemplified  in  every 
bodily  exertion  he  makes  or  in  every  physical  work  to  which  he  sets 
his  hand.  "No  matter  from  what  source  he  derives  it,  and  no  matter 
whether  he  calls  it  a  force  or  power  or  energy,  (this  last-named  term 
is  here  given  with  a  reservation  as  to  its  restricted  character  which 
will  be  fully  explained  further  on,)  he  knows  that  beyond  all  doubt, 
without  this  something  called  "  force  "  he  could  not  even  make  them. 
Force  or  power  or  energy  he  knows  to  be  present,  and  to  be  the 
cause  of  the  work  done,  in  every  stroke  of  his  hammer,  in  every 
chip  which  his  chisel  makes,  in  every  turn  of  a  screw  or  a  nut ;  that 
he  cannot  even  grasp  his  tool  in  hand,  or  make  some  mechanical 
contrivance  hold  his  work  for  him,  without  this  "  something."  And 
unfortunate  as  we  deem  it  to  be  that  the  reader  should  be  met  at 
the  very  outset  of  his  study  with  discussions  all  too  warmly  and 
keenly  maintained — holding,  as  we  do,  that  the  result  is,  at  least  at 
this  stage  of  his  career,  most  puzzling,  and  what  is  worse,  disheartening 
— we  do  not  deem  it  necessary  to  go  into  the  subject-matter  of  those 
discussions.  We  believe,  on  the  contrary,  that  we  shall  best  consult 
the  interests  of  our  readers,  as  we  believe  also  that  we  shall  thus 
meet  with  their  approval,  if  we  confine  ourselves  almost  with  rigid 
closeness  to  the  practical  matters  about  which  there  is  no  dispute, 
and  which,  if  many  of  them  have  not  met  with  precise  definitions 
in  which  all  men  are  agreed,  have  at  least — and  this  is  for  our 
reader  much  more  to  the  point — received  all  the  advantages  of  a 
long  applied  and  carefully  thought-out  experience;  an  experience 
which,  as  we  have  already  pointed  out,  has  given  us  all  the  triumphs 
of  modem  mechanical  work.  And  theories  which  have  led  to  this 
may  well,  as  we  have  already  said,  be  accepted  by  the  reader  begin- 
ning his  study  of  the  principles  of  mechanics. 

At  the  same  time,  as  we  cannot  come  to  a  right  understanding 
of  what  the  principles  of  dynamics  or  the  laws  of  motion  are,  and 
of  the  points  to  which  we  have  in  preceding  paragraphs  more  or  less 
directly  alluded,  without  going  somewhat  fully  into  this  point  of 
*'  force,"  we  purpose  doing  so,  but  nevertheless,  for  the  reasons  atove 
given,  as  briefly  as  may  be. 
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Some  Practical  Considerations  connected  with  the  Definitions  of  the 

Term  "Force." 

The  term  is  derived  from  the  Latin  word  fora,  which  signifies 
"  strength,"  and  is  defined  in  dictionary  or  general  language  to  be 
"  active-power  "  or  energy  or  strength.  A  more  precise  definition  is 
given  by  one  scientific  authority :  "force  Ls  that  which  tends  to  cause 
or  to  destroy  motion."  But  this  applies  more  to  the  effect  than  to 
the  cause,  and  gives  no  clue  to  the  answer  to  the  question,  What  la 
this  "something"  which  is  called  foi-ce,  which  causes  or  destroys 
motion  ]  And  it  is  here  that  the  wide  and  singular  diversity  of 
opinion  or  conception,  leading  to  as  wide  and  singular  opposition  in 
definition,  arises.  Into  the  metaphysics  of  this  discussion — for  much 
of  it  appears  to  be  this,  or  what  is  very  generally  if  somewhat 
irreverently  called  "chopping  of  logic" — and  for  reasons  already 
stated,  we  do  not  intend  to  enter.  We  frankly  confess,  however,  that 
so  far  as  the  student  is  concerned,  whose  work  is  now,  or  is  in  the 
future,  to  be  connected  with  mechanism,  he  had  better  defer  his 
study  of  this  discussion,  and  all  its  involved  and  intricate  points,  till 
he  has  reached  an  advanced  point  not  merely  in  the  study  of  what 
might  be  called  the  "  received  opinions "  of  men  of.  science,  about 
which  there  is  little  dispute,  but  in  the  actual  practice  of  the 
workshop,  about  which  there  is  less.  And  we  conceive  it  to  be  quite 
a  possible  thing  that,  having  reached  this  "further  point"  in  his 
life  of  study  and  practice,  he  will  feel,  in  fact,  that  so  little  is  to  be 
gained  by  going  into  the  mazes  of  those  discussions  on  what  at  the 
best  are  and  must  be  conjectures  chiefly,  that  he  will,  so  far  from 
doing  this  thoroughly,  be  quite  content  with  merely  glancing  at  what 
is  advanced  by  the  parties  who  have  taken  or  may  yet  take  part  in 
it.  And  in  support  of  the  advice  we  here  give,  it  may  be  stated 
that  the  discussion  is  so  confusing  in  its  general  results,  so  conflicting 
and  contradictory  in  its  statements,  sometimes  so  wild  or  far-fetched 
in  its  hypotheses  or  suppositions,  that,  to  quote  the  words  of  one  of 
our  ablest  practical  authorities  on  mechanical  practice — not  less  able 
as  a  scientist — "a  humble  student  of  mechanics  anxious  to  learn 
what  *  the  men  of  light  and  leading '  in  his  generation  have  to  tell 
him  about  the  ultimate  principles  of  his  science  stands  by  perplexed, 
embarrassed  perhaps,  at  least  a  little  indignant."  But  should  any 
one  of  our  readers  after  all  mix  himself  up  with  these  all  too  meta- 
physical disquisitions,  it  is  quite  possible,  nay,  exceedingly  probable 
that,  whether  he  may  feel  indignant  with  some  of  those  assuming  to 
instruct  him  or  not,  he  will  be  ultimately  indignant  with  himself 
for  giving  so  much  time  to  so  little  purpose.  It  will  be  well,  indeed, 
if  he  escape  incurring  a  more  serious  loss  by  giving  up  the  study 
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altogether,  not  "  indignant "  merely,  but  fairly  disgusted,  with  the 
utterly  irreconcilable  nature  of  many  of  the  conjectures  made  and 
theories  propounded.  How  this  may  probably  be  the  case,  and  how 
serious  are  the  points  involved  in  the  advice  we  have  ventured  to 
give  to  the  youthful  reader  in  this  matter,  may  be  gathered  from  a 
further  quotation  from  the  paper  by  the  able  authority  last  quoted, 
in  which,  referring  to  one  of  the  theories  of  force,  or  to  an  attempted 
answer  to  the  question  What  is  it  ?  he  gives  these  pregnant  words  : 
"  The  manifold  confusions,  the  almost  inextricable  jumble  in  which 
the  ordinary  terms  and  conceptions  of  mechanics  are  involved  by 
the  adhesion  to  this  wrong  definition  of  force."  We  believe,  there- 
fore, we  are  giving  advice  which  involves  points  of  the  utmost 
practical  importance  to  the  actual  career  of  the  young  mechanic,  to 
defer  at  least  his  study  of  this  discussion  here  referred  to,  and  with 
the  able  authority  last  quoted  to  be  content  with  that  view  or  defi- 
nition of  force  which  controlled  the  great  men  of  the  science — 
Newton,  Moseley,  Whewell,  Eankine — or  on  which,  to  use  the  words 
of  our  authority,  **they  and  their  compeers  have  reared  the  magnificent 
fabric  which  goes  by  the  name  of  mechanical  science."  It  will, 
therefore,  answer  all  the  purposes  we  h^ve  in  view,  if  we  give  here 
those  accepted  definitions  of  the  term  "  force." 

The  Definitions  of  tlie  Term  Force  which  are  received  by  the  Great  Majority 
of  Scientific  Ken  and  Practical  Mechanicians  and  Engineers. 

"  Force,"  as  defined  by  the  great  Newton,  "  is  an  action  exercised 
on  a  body  tending  to  change  its  state  either  of  rest  or  of  uniform 
motion  in  one  direction."  Moseley  defines  it  thus  :  "  Force  is  that 
which  tends  to  cause  or  destroy  motion,  or  which  actually  causes  or 
destroys  it."  Whewell  defines  it  thus :  "  Force  is  said  to  be  whatever 
produces,  destroys,  or  changes  motion";  and  last,  but  not  least, 
Macqhom  Rankine,  the  most  eminent,  practical,  and  scientific  of 
recently  living  mechanical  authorities,  defines  "  force "  to  be  "  an 
action  between  two  bodies,  either  causing  or  tending  to  cause  change 
in  their  relative  rest  or  motion."  We  could  here  give  other  definitions 
of  men  who  have  held  high  positions  as  expositors  of  the  ordinary 
terms  and  conceptions  of  mechanics,  all  of  which,  in  common  with 
those  we  have  above  quoted,  define  force  as  "  that "  which  causes  the 
change.  They  do  not,  it  will  be  carefully  noted,  concern  themselves 
in  the  slightest  degree  with  considerations  as  to  what  that  "  that," 
the  "something"  to  which  the  name  of  force  is  given,  really  is. 
They  know,  and  it  will  be  well  if  the  youthful  reader  also  is  content 
to  know,  that  it  is  the  manifestations,  so  to  say,  of  this  "  something  " 
with  which  they  are  in  practice  alone  concerned.     The   practical 
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mechanic,  no  less  than  the  man  of  science,  knows  that  when  there 
is  work  to  do  and  he  has  a  force  to  do  it  with,  he  need  not  concern 
himself  with  abstruse  speculations  as  to  what  that  force  is.  It  is, 
as  we  have  just  stated,  the  "  manifestations  "  of  that  "  something  " 
called  "  force  "  with  which  he  has  alone  to  do. 

We  have  just  stated  that  it  is  with  the  "manifestations"  of 
that  "something"  to  which  the  name  of  "force"  is  given  that 
the  mechanic  has  to  do.  If  he  has  a  "grinding  stone"  to  turu, 
in  putting  an  edge  on  his  axe  or  his  chisel,  and  only  his  own  strong 
arm  to  turn  the  grindstone  with,  in  the  sharpened  axe  or  chisel 
he  has  obtained  he  has  got  the  work  done  which  he  wished  to  do. 
And,  however  much  he  might  gratify  his  intellectual  pride  by 
saying  that  he  had  discovered  what  that  force  was,  or  that  he 
had  clearly  traced  it  to  its  origin,  his  common  sense  would  tell 
him  that  even  of  what  he  said  he  knew  did  exist,  its  existence 
and  the  knowledge  of  what  it  was  would  not  help  him  one  whit 
in  turning  his  grindstone  and  sharpening  therewith  his  axe  or  his 
chisel.  And,  if  he  heard  a  brother  mechanic,  who  had  been  turn- 
ing a  lathe  mandrel  by  the  force  of  his  foot  and  leg,  say  that  he 
had  discovered  what  that  force  was,  and  could  trace  it  to  its  origin, 
but  on  comparing  notes  found  that  his  brother  mechanic's  discovery 
(so  called)  was  the  very  opposite  of  his  own — we  may  conclude  that 
his  common  sense  would  also  in  such  a  case  tell  him  that  it  would 
be  in  every  way  the  most  practical  thing  to  do  to  let  all  those 
abstruse  searches  after  knowing  what  we  may  from  past  experience 
shrewdly  suspect  will  never  be  known,  alone,  and  confine  himself  to 
his  applications  of  this  force,  whatever  it  is  or  may  be,  in  the  doing 
of  his  daily  work. 

The  Manifestations  of,  and  the  Applications  of  Force  to  his  Practical  Work, 

the  Chief  Concern  of  the  Mechanic. 

This,  to  take  an  analogous  case,  is  what  the  electric  telegraph 
engineer  does.  He  knows  nothing — absolutely  nothing — of  what 
electricity  is ;  it  apparently  is  present  in  every  substance,  but  how 
it  is  so  and  how  it  is  created — in  brief,  what  it  is — he  knows,  as  we 
have  said,  nothing.  But  this  does  not  trouble  him ;  he  takes  it  as  it 
is,  knows  how  to  excite  or  bring  it  out  of  bodies,  and  makes  it  do 
all  the  varied  and  marvellous  work  of  which  we  all  know.  The 
most  elaborately  detailed  and  the  most  abstruse  theories  trying  to 
show  and  prove  what  electricity  is  would  not,  however  closely  he 
studied  them,  help  him  one  whit  in  his  practical  work.  No  more 
would  the  photographer  be  helped  in  his  practical  work,  who  deals 
with  light — as  to  what  it  is  no  two  scientific  men  are  agreed — who 
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bothered  his  brain  with  all  manner  of  theories  concerning  it.  And 
if  those  theories  as  to  what  electricity  is  were  contradictory,  his 
mind  would  probably  be  so  perplexed,  if  an  inexperienced  electrical 
practician,  that  he  would  be  the  worse,  and  none  the  better,  for  the 
study.  And  this  applies,  as  we  have  endeavoured  to  show,  to  all 
abstruse  and,  as  a  rule,  purely  metaphysical  theories,  opinions,  or 
"  conjectures  "  concerning /orce.  The  last  term  here  used,  "  conjec- 
tures," is  possibly  the  best  to  designate  those  positively  useless 
inquiries  into  a  region  of  which  we  are  never  likely  to  know  anything. 
And  the  inductive  philosopher  never  deals  with  conjectures  as  if 
they  were  facts;  and  it  is  to  "inductive  philosophy"  or  science,  with 
its  facts,  and  its  facts  alone,  that  we  owe  all  those  brilliant  and 
practical  discoveries  which  have  given  us  such  material  help  in  every 
branch  of  industrial  work.  True,  the  inductive  scientist  or  philo- 
sopher must  deal  with  conjectures — for  it  is  a  conjecture  of  his 
imagining  that  such  or  such  a  thing  may  exist  which  leads  him  to 
try  to  find  out  whether  this  does  exist  or  not.  Here,  as  in  numerous 
other  cases,  light  is  thrown  upon  the  word  we  have  here  used  by 
looking  at  its  root  or  derivation,  "  Conjecture,"  then,  we  find  to  be 
derived  from  two  Latin  words — con,  with,  and  jcicere,  to  throw ;  so 
that  a  conjecture  is  literally  "throwing  together"  a  number  of  things. 
The.  word  "surmise"  is  often  used  as  synonymous  with  this  term 
conjecture,  and  is  derived  directly  from  the  old  French  verb  surmitter, 
to  suggest,  and  this  from  sur,  upon,  and  mettre,  to  place;  so  that 
a  surmise  as  to  what  force  is,  for  example,  is  the  placing  of  things 
or  thoughts  one  upon  another,  as  conjecture  is  the  throwing  of 
them  together  to  form  a  single  thought  or  subject.  But  here  let 
the  reader  carefully  note  this  distinction  or  point,  for  it  lies  at  the 
root  of  all  our  progress  in  mechanical  work.  While  with  the  induc- 
tive philosopher  conjecture  is  allowed  to  go  no  farther  than  the  point 
above  named,  he  deals  only  with  facts,  and  if  he  cannot  get  facts 
to  support  his  first  conjecture  he  never  thinks  of  putting  it  forward 
as  a  thing  to  be  believed  simply  because  he  says  it  is,  or  is  induced 
to  believe  it  himself.  Facts,  and  facts  only,  are  to  be  dealt  with  in 
his  work.  Some  particular  course  of  investigation  may  be  taken  up 
by  him  as  originating  in  a  "conjecture"  that  certain  things  in 
connection  with  it  exist  or  are  likely  to  exist.  But  he  must  never 
assert — and  the  true  man  of  science  or  inductive  philosopher  never 
does  assert — ^that  these  do  exist  till  he  has  proved  their  existence. 
The  very  term  "inductive,"  derived  from  the  Latin  word  inducer e, 
to  lead  into  {in-  and  dtico,  I  lead),  indicates  that  we  must  go  com- 
pletely into  a  subject  or  course  of  investigation  before  decided  opinions 
concerning  it  are  given  forth,  or  dogmatic  assertions  made  about  it. 
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And  going  into  a  subject,  not  beating  about  it  outside,  is  the  only 
way  to  get  at  the  fcusU  of  what  it  is.  A  sailor,  however  nearly  he 
approached,  could  certainly  not  be  said  to  have  practically  arrived 
at  the  harbour — his  point  of  destination — till  he  had  got  into  it. 
The  owners  of  his  vessel  would  have  to  wait  long  enough  for  the 
goods  it  carried  if  he  kept  "beating  on  and  off"  oiUaide  of  it.  These 
considerations  are  of  the  utmost  importance  to  the  young  mechanic 
desirous,  as  the  saying  is,  of  "  bettering  himself  "  in  his  profession ; 
and  they  have  the  closest  bearing  upon  the  matter  now  under 
consideration  in  relation  to  certain  definitions  in  the  science  of 
mechanics.  The  sooner,  therefore,  the  youthful  student  gets  hold  of 
this  the  better :  namely,  that  force,  like  this  motion  which  it  pro- 
duces, is  a  something — if  not  actually  tangible,  is  practically  some- 
thing— ^an  "  entity,"  a  thing  in  existence  which  he  can,  paradoxical 
as  the  expression  is,  lay  hold  of  and  bend  to  the  purposes  of  the 
work  he  has  to  do.  The  word  "  entity  "  here  given  is  much  used 
in  scientific  disquisitions.  It  is  derived  from  the  Latin  ens,  entis, 
a  *'  being,"  a  thing  which  has  an  existence  or  a  being. 

Fartlier  Practical  Considerations  connected  with  Force  and  its  Definitions. 
Leaving  this,  the  region  of  perplexing  and  unsatisfactory  theories, 
and  entering  that  oi/actf  he  will  be  on  safe  ground,  in  which  he  will 
find  enough  to  help  him  in  his  daily  work.  If  he  strike  his  hand 
against  a  wall,  or  in  chipping  misses  the  chisel  and  peels  the  skin 
or  flesh  from  off  his  thumb  with  the  hammer  face,  he  has  painful 
evidence  enough  of  what  "  force  "  can  do ;  just  as  a  mate  with  whom 
he  is  at  "  outs "  would  have,  if  he  knocked  him  down ;  and  he  has 
no  doubts  at  all  about  "force"  being  a  thing  which  he  can  use,  or, 
as  in  the  latter  case,  abuse,  nor  is  at  all  troubled  by  fine-spun  theories, 
which  would  make  it  out  to  be  some  abstraction  of  the  brain — some 
"airy  nothing.*"  But  while  in  the  cases  above  named,  and  in  an 
infinite  variety  of  ways  coming  up  perpetually  in  every-day  life, 
seeing  that  force  exists  as  a  something,  or  what  may  be  called  here 
a  practical  power,  capable  of  being  exercised  or  brought  to  bear  by 
himself  personally  upon  objects  external  to  himself,  he  will  have  no 
difficulty  in  perceiving  this  other  fact, — that  "  force  "  as  a  practical 
entity,  a  thing  which  exists,  and  which,  by  the  effects  it  produces 
or  the  work  it  does,  can  be  estimated  or  measured,  is  chiefly,  in  the 
practical  purposes  of  mechanical  work  of  all  kinds,  obtained  from, 
so  to  say,  or  exercised  by  things  or  objects  other  than  ourselves. 
What  the  sources  of  force,  or,  to  use  the  common  expression,  power, 
are,  we  shall  have  special  occasion  to  note  hereafter.  Force  or  power, 
like  electricity,  may  be  supposed  to  be  latent  in  certain  things  or 
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objects — lying  waiting,  so  to  say,  to  be  called  forth  for  some  useful 
purpose ;  and  just  as  electricity  is  excited  to  manifest  itself,  so  may 
certain  objects  or  things  be  excited  to  give  forth  their  force  to  act 
upon  other  objects  or  things  external  to  them.  How  this  is  done 
we  shall  have  occasion  hereafter  to  point  out.  But  like  electricity, 
which,  although  we  know  that  it  is  present  in  bodies  in  an  insub- 
stantial, or,  as  we  say,  latent  form,  so  in  the  case  of  force  we  can 
only  become  aware  of  its  existence  by  its  effect,  or  what  it  does. 
Now,  of  those  effects  of  force,  the  one  which  is  most  apparent,  because 
it  is  the  one  which  is  most  frequently  displayed,  is  that  of  "  motion." 
And  it  will  be  perceived — if  the  student  will  refer  to  the  definitions 
of  "force"  in  a  preceding  paragraph — that  this  effect  is  the  one 
named  as  produced  by  the  cause  of  force,  whatever  per  se  it  is. 
So  universal,  or,  rather  we  should  say,  so  general,  is  this  manifesta- 
tion of  what  force  effects  in  the  way  of  producing  motion — and  so 
generally  also,  in  consequence  thereof,  is  this  relation  entertained — 
that  some  maintain  that  force  can  only  be  actually  and  practically 
known  to  us  by  the  movement  of  bodies,  or  it  can  to  us  only  exist 
when  it  produces  motion.  In  other  words,  they  say  that  there  is 
no  force  when  there  is  no  motion. 

Some  Considerations  connected  with  the  last-named  Definition  of  Force — 

Pressure. 

How  greatly  this  last-named  view — which  is,  however,  held  by 
many,  and  some  eminent,  authorities — complicates  what,  when  viewed 
in  the  prudent,  common-sense  way  noticed  in  a  preceding  paragraph, 
is  a  comparatively  simple  matter,  needs  scarcely  to  be  said.  The 
plan  of  our  paper  precludes  our  entering  upon  an  explanation  of 
this,  for  it  would  possess  little  practical  value  to  the  reader ;  but  it 
is  indeed  only  necessary  to  state  that  it  is  not  true  that  force  can 
only  be  manifested  or  made  known  to  us  when  motidii  is  produced. 
The  statement  of  some  just  noticed,  that  there  can  be  no  force 
existent  unless  motion  be  produced,  is  wrong,  for  it  takes  no  account 
of  "  pressure,"  which  is  just  as  much  an  effect  of  force  as  motion ; 
and  it  is  just  because  its  manifestation  is  so  seldom  witnessed  with 
the  frequent,  the  almost  continuous  manifestation  of  it,  in  the  way 
of  motion,  that  it  is  so  Httle  thought  of.  And  a  very  important 
lesson  may  be  learnt  by  the  reader  of  the  value  of  looking  at  all 
sides  of  a  subject,  from  the  fact  that  there  are  those  who  maintain 
theories  which  can  only  be  correct  if  facts  of  daily  existence  do  not 
exist — paradoxically  so  to  put  it.  Now,  pressure  is  a  fact,  as  well 
as  motion :  a  fact  which  can  any  day  be  painfully  proved.  A  finger 
happens  to  be  placed  in  the  space  betr/een  the  door- cheek  and  the 
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edge  of  the  door-style,  and  some  one  closes  the  door;  that  in  so 
closing  it  some  one  is  exercising  force,  or  causing  it  to  be  manifested, 
his  common  sense  tells  him,  and  tells  him  that  its  effects  are  felt, 
and  sorely  too,  npon  his  finger,  upon  which  there  is  pressure  enough 
— more  than  he  cares  for — but  in  which  there  is  no  motion.  He 
only,  in  such  a  case,  wishes  there  were,  so  that  he  could  move  it  out 
of  its  painful  position;  or  had  been,  so  that  he  could  have  moved 
it,  and  in  time  to  prevent  the  pressure.  No  doubt  it  may  be  said 
that,  in  the  case  of  goods  pressed  under  the  powerful  infiuence  of 
an  hydraulic  press,  there  is  motion  in  the  movement  of  the  particles 
or  atoms  of  the  body  or  substance  of  the  goods  pressed.  It  may 
also  be  said  that  "compression"  cannot  exist  without  movement — 
the  term,  derived  from  the  Latin  words  con,  with,  and  pressere,  to 
press,  including  a  bringing  together  of  the  constituent  parts  of  the 
body  within  narrower  limits — that  is,  each  one  being  brought  or 
taken  nearer  to  its  neighbour.  But  there  is  no  motion  in  the  goods 
as  a  whole,  considered  as  a  parcel  or  package  or  a  single  mass  or 
body,  any  more  than  there  is  movement  in  the  finger  which  has 
been  caught  between  the  style  and  cheek  of  a  door  afterwards  closed, 
though  there  has  been  a  movement  or  a  squeezing  together  of  the 
fibres  of  the  flesh.  The  victim  would,  as  we  have  said,  have  been 
only  too  glad  had  there  been  motion,  in  the  sense  that  the  finger 
had  been  moved  out  of  the  way  before  the  pressure  was  put  on,  or 
the  "  force "  applied  which  produced  the  pressure.  Pressure  and 
force,  although  frequently  used  as  such,  the  student  will  perceive  are 
not  synonymous  terms,  strictly  speaking,  for  pressure  is  a  product  of 
force  just  as  motion  is — ^and  motion,  or  the  amount  of  it,  is  nofc,  as 
some  say,  force  itself,  any  more  than  pressure  is. 

Another  Term  frequently  applied  in  connection  with  Force. — Energy. 
There  is  another  term,  or  word,  very  frequently  met  with  in 
mechanical  works  and  dissertations — namely,  "energy,"  which  is 
frequently  considered  to  be  synonymous  with  "  force."  The  terms, 
no  doubt,  are  closely  connected,  but  are  far  from  meaning  the  same 
thing.  Take,  for  example,  the  force  which  exists  or  dwells  in  the 
human  body,  or  which  that  body  is  capable  of  exerting.  We  know 
that  this  is  capable  of  being  exerted  within  the  limits  of  a  wide  range 
— from  the  force  exerted  in  wiping  away  a  tear  or  brushing  aside 
a  fly,  to  lifting  a  drowning  neighbour  from  a  stream.  We  would 
counsel  the  young  reader,  ai  this  stage  of  his  progress,  not  to  enter 
into  any  speculation  of  his  own,  or  to  read  much  of  the  speculations 
of  others,  as  to  what  this  force  is,  or  how  it  exists  in  his  body. 
He  will  thus  be  spared  the  trouble  of  leading  himself  into  the 
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holding  of  some  strange  metaphysical  and  bewildering  notions.  Let 
him,  on  the  contrary,  at  least  for  the  present,  take  the  common-sense 
view  of  the  matter,  and  be  content,  as  well  he  may  be,  with  the 
/act — which  is  a  fact,  metaphysical  writers  to  the  contrary  notwith- 
standing— that  this  force  does  exist,  and  that  he  is  capable  of  using 
it  as  a  distinct  entity,  or  a  something,  exactly  as  he  uses  anything 
material  which  he  possesses,  such  as  money,  of  which  he  may  spend 
much  or  little,  just  as  his  mind  or  will  determines.  And  common 
sense  tells  him  that  this  view  is  correct,  and  practically  the  only  one 
worth  a  rush  to  him  in  his  daily  life.  And  further,  that,  as  in 
the  case  of  money  here  supposed,  he  can  expend,  give  out,  or  manifest 
as  little  of  the  force  his  body  possesses  as  he  chooses,  or  as  much 
of  it,  and  if  necessary  to  its  full  range.  And  where  this  human 
force  is  so  put  out,  or  developed,  we  sometimes  use  a  term  by  which 
to  designate  it,  and  this  we  call  "energy."  When  this  term  is 
employed,  what  is  meant  by  it  is  well  known  to  the  majority  of  us, 
it  being  only  to  the  thoroughly  uneducated  that  its  meaning  is 
obscui-e,  although  often  not  even  to  them.  When  we  say  that  a 
man  is  devoting  all  his  energy  to  any  piece  of  mechanical  work  or 
bodily  labour,  we  know,  and  in  other  words  say,  he  is  putting  all 
his  force  to  it.  A  man  in  cleaving  wood  with  an  axe  may  dreamily 
and  languidly  go  through  the  work,  and  may  take  many  strokes  to 
cleave  a  single  piece ;  and  when  we  say  that  he  is  "  inergetic  **  we 
use  a  term  the  meaning  of  which  is  well  known  to  us,  and  which 
is,  in  fact,  only  saying  in  another  way  that  he  is  not  putting  out 
his  full  force.  But  if,  on  the  contrary,  we  see  that  with  one  vigorous 
stroke  he  cleaves  the  wood,  we  say  that  he  is  energetic,  which  simply 
means  the  converse,  or  opposite  of  the  above ;  and  we  know  at  once 
that  he  is  energetic — some  would  say  forcible. 

In  common  and  familiar  language,  when  we  see  a  man  thus 
energetic,  if  we  cannot  say  that  he  is  working  vigorously,  and  appa- 
rently doing  his  "  work  "  well,  we  know  at  least  that  he  is  trying  to 
do  it  to  the  best  of  his  ability.  The  meaning  of  the  term  "  energy," 
which  it  is  essential  that  the  youthful  student  of  mechanics  should 
understand,  may  be  made  clearer  if  we  look  at  the  derivation  of 
the  word;  and  a  very  curious  point  is  raised  by  this,  which  is  by 
no  means  generally  or  widely  known.  The  word  is  derived  from  the 
Greek  word  energos,  and  this  again  from  two  words,  en  and  ergon. 
This  last  word,  ergon,  means,  in  the  Greek  language,  "  work."  And 
here  comes  the  suggestive  point.  This  word  ergon  is  itself  derived 
from,  or  has  its  root  in,  the  word  ar,  which  means  to  "  plough  " — 
which  operation  was  deemed,  in  the  early  days,  to  be  synonymous 
with  the  phrase  "to  work,"  as  if  ploughing  were  then  the  one  essential 
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work  which  had  perforce  to  be  done,  if  work  of  any  other  kind  was 
to  be  kept  up.  For  man  had  then,  as  he  has  now,  to  eat  in  order  to 
work,  i^ow,  ploughing,  especially  in  first  turning  over  lands  which 
had  been  left  in  their  natural  condition — ^and  his  change  would 
increase  as  civilisation  increased — ^is  work  in  the  doing  of  which 
"force"  is  required,  and  which,  however  obtained,  is  always  essential. 

"Energy  Exerted''  and  "Work  Done,"  may  be  considered  as  Synonymous  or 

Convertible  Terms. 

We  now  see  how  "energy"  may  be  said  to  be  "work";  and  for 
all  practical  purposes  this  is  emphatically  true.  We  thus  arrive  at 
a  more  extended  definition  of  the  term,  which  we  may  put  in  this 
form :  Energy  is  that  manifestation  or  development  of  force  by  which 
work  is  done.  The  work  which  is  done  is  practically  the  measure 
of  the  force  which  has  been  manifested  or  developed.  Energy, 
therefore,  is  simply  the  putting  forth  of  the  force  which  one  naturally 
possesses  to  the  performance  of  a  certain  "  duty "  or  "  work,"  and 
has  practically  no.  existence  till  this  manifestation  or  development 
takes  place.  We  may  actually  possess  the  force  necessary  to  drive 
a  wedge  into  the  cleft  of  a  rock,  but  we  give  no  proof  that  we  possess 
it  till  we  put  it  forth  or  develop  it,  so  that  we  positively  drive  the 
wedge  into  the  cleft.  When  the  work  is  thus  done  we  can  then,  but 
only  then,  say  that  *'  energy  "  has  been  shown  or  developed. 

General  Sonrces  of  Energy. 
We  have  employed  the  human  body  as  an  illustration  of  the  force 
which  exists,  and  which  can  be  developed  into  the  doing  of  "  work," 
or  giving  out  what,  in  another  mechanical  phrase,  is  termed  "  duty." 
But  it  is  obvious  that  all  we  have  said  applies  equally  to  any  other 
body  in  which  force  exists — as  a  steam  engine.  And  although  that 
may  be  such  as  that  of  a  certain  number  of  horses,  this  can  only  be 
practically  proved  or  demonstrated  by  the  "  work  "  being  actually 
done,  or,  as  we  often  express  it,  the  energy  shown.  The  sources  of 
force,  considering  it  mechanically  as  a  distinct  entity,  or  as  a  some- 
thing which  can  be  practically  taken  hold  of  or  availed  of,  are  various, 
such  as  that  obtained  from  steam  (this  primarily  being  derived  from 
the  combustion  of  coal),  from  water,  wind,  and  that  source  of  whicfi 
we  now  hear  so  much — electricity.  All  these  are  called  "  sources  of 
energy  " — or,  to  carry  out  the  train  of  thought  we  have  already 
expounded,  we  may  call  them  sources  of  a  "  power  for  the  doing  of 
work.''  These  are  made  available,  or  means  are  given  to  man  by 
which  he  can  draw  practically  upon  them,  so  that  they  will  do  his 
"  work  " — i.e.  expend  their  "  energy  *' — by  contrivances  which  are 
generally  and  popularly  described  as  mechanical.     We  thus  arrive, 
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following  up  the  considerations  we  have  adduced,  at  a  definition  of 
the  term  "  machine," — a  combination  of  parts  known  generally  as 
mechanical,  by  which  "  energy  "  is  transmitted  "  from  one  point  to 
another."  Thus,  in  the  case  of  the  cleaving  of  wood,  formerly  named 
as  an  example  of  "work"  done,  we  have  the  force  existing,  no  matter 
how,  in  the  body,  given  out  as  energy  by  the  arm,  and  this  acting 
as  a  lever,  and  the  hand  as  the  "gripping,"  "nipping,"  or  '*  holding" 
capability  or  power  of  the  axe  handle,  transmits  the  human  "energy" 
to  the  axe  edge  which  cleaves  the  wood — ^as  in  the  work  of  the  cotton 
factory  the  energy  of  the  steam-engine  is  transmitted  to  the  point  at 
which,  say,  the  work  of  "carding"  is  actually  done  through  the 
agency  of  the  combination  of  mechanical  parts  to  which  the  name 
of  the  "carding  engine  or  machine"  is  given.  In  this  train  we  have 
at  one  end  the  source  of  the  energy,  at  the  other  the  work  which  is 
to  be  done,  and  between  them  the  intermediary  by  which  the  primal 
energy  is  laid  out  in  the  actual  doing  of  the  work.  And  in  proportion 
to  the  requirements  of  this  work  and  its  nature,  the  intermediary 
or  machine  varies  in  principle,  form,  and  complication  of  construction. 
When  we  talk  of  a  man  who  is  doing  his  work  well,  we  have  seen 
that  we  generally  apply  the*  term  "  energetic "  to  him.  When  we 
see  a  machine  performing  its  work  with  ease  we  do  not  apply  this 
term,  but  we  say  that  it  is  "  powerful,"  or  "  effective,"  or  that  it  is 
efficient. 

Power  in  Doing  Work  as  the  Besnlt  of  Energy. 

Energy  has  been  and  is  often  defined  as  "internal  or  inherent 
power,"  or  "  power  apparently  and  forcibly  exerted."  Bearing  in 
mind  what  has  been  in  preceding  paragraphs  stated  on  the  subject 
of  force,  it  will  be  seen  that  the  term  "  power  "  is  taken  as  synony- 
mous with  "  force."  This  is  exemplified  in  many  directions ;  but 
specially  and  in  close  connection  with  our  subject  we  may  cite  two 
expressions  much  in  use  amongst  mechanics.  Thus,  when  we  say 
that  a  steam  engine  "  exerts  a  force  of  two  hundred  horses,"  or  that 
it  is  "  of  the  power  of  two  hundred  horses,"  we  inean  precisely  the 
same  thing.  And  we  have  seen  that  "  force  "  per  se,  that  is,  con- 
sidered by  itself  alone,  may  exist  in  a  body,  but  may  practically,  so 
far  as  work  is  done  by  it,  be  said  not  to  exist  at  all  till  it  is  mani- 
fested or  developed,  which  development  is  known  as  "energy";  so 
that  the  definition  of  energy  given  above — namely,  that  it  is  "inherent 
or  internal  power" — is  practically  correct.  The  definition  of  a  machine 
as  given  at  the  close  of  the  last  paragraph  may  therefore  be  so  far 
altered  that  it  will  accord  with  ideas  which  are  almost  invariably 
prevalent  amongst  working  mechanics.  In  this  way  it  will  stand 
thus :   a  machine  is  an  arrangement  of  mechanical  parts  for  the 
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transmission,  the  distribution,  and  the  direct  application  of  "  power 
for  the  doing  of  work." 

Definition  of  the  Terms  *'  Power  "  and  **  Strength.*'— Practioal  Points 

connected  with  them. 

In  accordance  with  our  system  of  seeing  what  conception  of  the 
true  meaning  of  a  word  may  be  obtained  from  tracing  it  to  its  "root" 
or  its  "  derivation,"  we  may  here  look  a  little  closely  at  this  term 
"  power,"  which  in  the  mechanical  world  is  very  much  better  known, 
or  at  least  much  more  frequently  used  in  daily  talk,  than  its  equiva- 
lent— **  energy."  The  word  power  is  derived  directly,  that  is,  with 
the  least  degree  of  change  in  its  written  or  spelt  form,  from  the 
French  pouvoir,  meaning  "  to  be  able."  This  is  derived  from  the 
Latin  posse,  which  also  means  the  same  thing ;  and  this,  again,  has 
its  root  in  the  Latin  words  potis,  which  means  able  or  capable,  and 
esse,  to  be.  Power,  therefore,  means  ability  to  do,  to  act ;  and  doing 
or  acting  in  the  mechanical  sense  of  the  term  is  "work  done"  or 
"  duty  performed."  When,  therefore,  we  say  that  a  steam  engine, 
for  example,  is  of  two  hundred  horse  power,  we  mean  practically  and 
mechanically  that  it  is  able  to  do  a  work  equivalent  to  that  which 
the  "  strength  "  of  two  hundred  horses  would  suffice  to  do.  A  word 
is  here  introduced,  which  we  have  placed  in  inverted  commas,  that 
is  very  frequently  used  in  mechanics ;  and  we  thus  see  how  it  comes, 
as  it  were,  out  of  the  term  "  power."  We  talk  of  a  framework,  for 
example,  as  being  of  a  certain  strength — by  this  meaning  that  it  has 
the  "  power  "  to  resist  that  something  which  would  tend  to  break  it 
down,  disrupt  its  parts,  or,  in  other  words,  render  it  useless  for  the 
purpose  of  supporting  the  weight  or  resisting  the  pressure  for  which 
it  was  designed.  In  like  manner,  when  we  say  that  the  "  strength 
of  a  machine  lies  in  its  weakest  part,"  we  know  that  it  is  meant  by 
this  that  the  weakest  point  will  define  the  capability  of  the  machine 
to  resist  influences  which  would  render  it  useless  for  doing  the  work 
for  which  it  was  constructed.  The  word  ''strong"  itself — "strength  " 
being,  as  we  have  just  seen,  the  quality  of  being  strong — ^is  Anglo- 
Saxon  in  its  origin,  its  root  being  the  German  streng  or  Icelandic 
strangr,  and  means  having  the  physical  capability  or  power  to  act 
or  to  resist.  Finally,  in  connection  with  the  meaning  of  the  term 
"  power,"  we  must  remind  the  reader  of  that  which  carries  with  it 
a  great  amount  of  suggestive  matter  if  he  will  but  think  it  over — 
that  the  term  or  word  "  possible,"  so  often  in  the  minds  of  many, 
has  the  same  root  as  power,  namely,  potis ;  the  Latin  word  possihUU^ 
our  word  being  but  slightly  changed  from  this,  means  "capable  oi 
being  done," 
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Natural  or  Practical  Sources  of  Force  or  **  Power.'* 

We  have  hitherto  considered  the  source  of  force  as  being  derived 
from  the  human  body,  or  what  is  called  its  muscular  power  or  force 
of  muscle.  This  would  be  of  necessity  the  first  source  of  it  with 
which  man  would  become  acquainted.  But  it  would  not  be  long 
before  he  would  find  out  that  there  were  other  sources  of  this 
mysterious  "  something"  which  displayed  itself  so  often  in  his  daily 
life,  outside  of  or  exterior  to  himself.  Possibly  the  first  of  those 
external  somxes  of  force  he  would  discover  by  analogy  or  a  rough 
mode  of  reasoning,  but  much  more  probably  by  some  painful  accident, 
would  be  the  force  the  muscular  power  of  animals,  such  as  a  kick 
from  a  horse,  would  exert.  But,  going  still  further  afield,  he  would 
soon  learn  that  there  were  other  sources  of  this  "something,"  by 
whatever  name  he  would  then  call  it.  For  example,  he  would  soon 
learn  that  the  something  we  call  **  wind,"  which  would  at  one  time 
scarcely  blow  the  tangled  hair  from  off  his  brow,  could  at  another 
blow  himself  over,  or  at  another  blow  away  the  rough  hut  he  had 
raised  to  shelter  himself  from  the  tender  mercies  of  the  weather,  and 
even  to  uproot  and  blow  over  great  trees.  So  in  like  manner  he 
would  find  out  that  water  possessed  the  power  or  capability  of  giving 
out  this  "  something,"  or  force — as  for  example  if  he  passed  under 
a  waterfall  heedlessly,  or  saw  the  rivulet  beside  his  hut  at  one  time 
flowing  with  such  feeble  force  that  it  scarcely  bent  the  lily  stalks  or 
swayed  their  leaves  to  and  fro,  and  at  another  with  so  much  vehe- 
mence that  it  swept  everything  before  it,  even  his  hut  itself. 

Centuries  of  Patient  Observation,  Investigation,  and  Work,  required  before 
Man  could,  as  now,  avail  himself  of  the  Natural  Sources  of  <<  Energy  *' 
or  "Power." — Water  Power.— The  Water-wheel. 

So  accustomed  are  we  to  see  all  these  agencies  set  to  do  man's 
work,  that  we  scarcely  give  a  thought  to  all  the  weary  work  man 
had  to  do,  all  the  patient  often  and  often  disappointed  thought  he 
had  to  expend,  before  he  could  devise  and  construct  the  very  simplest 
mechanical  contrivances,  by  which  he  could  set  those  agencies  at 
work  to  do  his  lightest  labour.  Generation  after  generation  must 
have  passed  away  before  he  arrived  at  this  point  of  mechanical 
progress ;  and  it  may  be  almost  certainly  concluded,  reasoning  from 
what  we  know  of  our  own  capabilities  of  doing  what  is  called  mecha- 
nical work,  and  judging  also  from  what  we  know  of  the  habits  and 
capabilities  of  peoples  who  are  at  present  uncivilised  and  but  little 
removed  from  the  state  of  utter  barbarism,  that  the  purely  handicraft 
mechanical  operations  would  be  practised  for  long  periods  in  man's 
early  history,  before  his  experience  and  his  growing  habit  of  obser- 
vation had  made  him  capable  of  arranging  materials  so  that  with 
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their  aid  he  could  do  mechanical  work.  The  tools  of  his  handicraft 
work  must  of  necessity  have  preceded  then,  as  indeed  they  still 
precede  now,  the  machines,  simple  as  they  would  then  be,  constructed 
and  put  together  by  their  help.  And  of  the  natural  sources  of 
power  we  have  named — those  of  water  and  of  wind — that  of  water 
would,  in  all  probability,  be  the  first  to  be  availed. of  in  doing 
mechanical  work ;  and  we  may  conjecture,  with  some  degree  of 
plausible  force,  that  the  conception  of  the  simplest  form  of  water- 
wheel  would  be  obtained  by  man  bathing  or  washing  in  the  brook 
which  flowed  by  his  hut  or  cave,  doing  dreamily  what  we  often  do 
still,  moving  his  hand  to  and  fro  in  the  water,  when  he  would  feel 
that  it  exercised  a  something  which  either  opposed  the  progress  of 
his  hand  when  moved  against  the  stream,  or  which  tended  to  drive 
back  his  hand  when  it  was  left  free  to  move.  But  between  the 
conception  that  there  was  a  "  force  "  here  which  might  be  useful  to 
him,  and  its  realisation  in  the  form  even  of  the  simplest  water-wheel, 
we  can  reasonably  conclude  that  many  generations,  almost  tjenturies, 
would  pass  away.  To  make  even  the  simplest  form  available,  the 
idea  of  a  wheel  itself  would  have  to  be  got  hold  of,  and  also  the 
fixing  of  this  upon  a  something  which  we  call  a  shaft,  axle  or  spindle 
— which  itself  would  have  to  revolve  or  turn  round.  And  the 
youthful  reader  may  be  surprised  to  learn  that  those  two  mechanical 
conceptions  lie  at  the  foundation  of  nearly  all  the  varieties  of 
mechanical  combinations  which,  taking  the  form  of  machines  doing 
man's  work,  have  led  up  to  the  infinite  variety  of  them  we  have  now. 
And  yet  it  must  have  been  after  long  long  years  of  patient  thought 
and  labour  that  those  two  conceptions — a  wheel,  or  a  circular  disc, 
suspended  or  fixed  to  a  central  shaft — ^were  made  applicable  to 
mechanical  work.  If  the  reader  will  but  think  it  out,  he  will  find 
that  there  was  no  greater  discovery,  leading  to  such  wonderful 
results,  as  that  of  a  carriage  or  war-chariot  wheel  and  its  axle, 
which  was,  in  all  probability,  the  first  practical  form  which  this  great 
discovery  took. 

Considerations  connected  with  tlie  Discovery  of  the  Sonrces  of  Power  or  Energy 
(continued).— Wind  Power. — ^The  Windmill. — The  Steam  of  Boiling  Water. 
— Boiling,  a  Science. 

The  main  feature  of  the  windmill  is  just  that  of  the  simplest 

water-mill — a  circular  wheel,  and  an  axle  or  shaft ;  the  sails,  or  vanes 

as  they  are  called  in  windmill  technics,  catching,  so  to  say,  the  air, 

as  the  floats  of  the  water-wheel  caught  the  water.     After  long  years 

of  patient  and  often  disappointing  and  disheartening  labour,  man 

was  able  to  avail  himself  of  the  three  sources  of  force,  power,  or 

energy — namely,  animals,  water,  and  wind.     But  it  took  centuries 
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upon  centuries  of  experience  in  the  observation  of  natural  laws,  before 
he  conceived  of  making  use  of  that  agency  which  is  now  almost  the 
only  source  of  obtaining  what  we  call  motive  power  which  is  made 
available  in  modern  practice — namely,  steam.  And  ages  must  have 
intervened  between  the  observing  that  the  steam  of  boiling  water 
had,  or  possessed,  what  we  may  call  a  lifting  power,  capable  of 
producing  effects  similar  to  what  we  may  call  the  shoving  or  moving- 
along  power  of  water  on  a  body  opposed  to  it.  Very  soon  after 
man  had  reached  the  high  stage  of  civilisation  when  he  became  a 
"  cooking  animal,"  as  man  by  some  has  been  defined  to  be,  and  had 
made  the  great  discovery  of  boiling  liquids,  he  must  have  observed 
one,  at  least,  of  the  characteristics  of  the  vapour,  or  what  we  call 
steam.  But  how  long  it  was  before  this  was  applied  to  the  obtaining 
of  a  power  which  would  do  work,  let  our  history  show.  How  long 
it  was  after  it  had  passed  from  the  condition  of  a  mere  plaything 
for  philosophers  to  amuse  themselves  and  their  friends  with,  to  that 
in  which  it  served,  as  at  first  and  for  long  it  only  served,  as  an 
engine  to  draw  water  from  mines  and  coal  pits,  till  the  genius  of 
Watt  made  this  engine  truly  a  steam  engine,  and  yoked  it  to  every 
class  of  work,  all  those  acquainted  with  mechanical  history  well 
know.  The  young  reader,  and  perhaps  some  older  ones,  not  initiated 
into  the  science  of  what  are  called  '*  common  things,"  may  perhaps 
smile  at  our  stating  boiling  to  be  a  great  discovery.  But  we  shall 
have  occasion,  in  a  future  chapter,  or  in  "  The  Steam  Engine  User," 
to  point  to  some  considerations  which  will  prove  this  pretty  plainly. 
He  will  further  see  that  boiling,  as  applied  to  the  arts  Of  industry,  is 
really  a  science,  involving  many  curious  and  most  practical  considera- 
tions ;  and  he  may  perhaps  be  here  surprised  to  learn  that  there  is 
no  theory  of  toiling  which  has  yet  been  universally  accepted  as 
accounting  for  all  the  singular  phenomena  which  the  act  of  boiling 
exhibits.  Its  close  connection  with  the  steam  engine  is  obvious,  and 
will  be  further  referred  to  in  its  appropriate  place  in  a  future  chapter. 
The  reason  why  gas,  or  vapour  of  water,  which  we  call  steam,  derived 
from  the  boiling  of  water,  as  a  source  of  power,  is  so  universal,  is 
that  it  is,  so  far  as  has  yet  been  discovered,  the  most  readily  and 
most  conveniently  carried-out  method  of  availing  ourselves  of  heat. 
This  word  brings  us  to  the  consideration  of  one  of  the  most  important 
points  connected  with  the  laws  of  nature.  How  important  it  is  will 
be  perceived  when  we  make  this  statement. 

Heat  the  Source  of  all  Physical  Energy,  Force,  or  what  we  call 

Mechanical  Power. 

Some  of  our  readers  may  naturally  be  somewhat  surprised  at  this 
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statement,  which  is  but  another  mode  of  expressing  the  fact  that 
there  is,  so  far  as  man  and  the  work  he  has  to  do  are  concerned,  no 
other  source  of  what  we  call  force,  or  the  power  to  do  worky  physical 
work,  than  heat.  And  this  after  what  has  been  said  above  in 
preceding  paragraphs  on  the  subject  of  the  muscular  force  of  man 
himself,  the  animals  he  rears  and  uses,  and  wind  and  water  as  sources 
of  force,  power,  or  energy.  From  which  it  would  appear  that  those 
natural  sources  are  themselves  derived  from  the  exercise,  or  are  but 
manifestations,  of  heat.  But  strange  as  it  may  appear  to  some,  this 
is  nevertheless  the  absolute  truth.  We  have  not  space  to  go  into 
the  full  details  as  to  how  muscular  force,  wind  and  water  force,  are 
caused  or  created  by  heat ;  those  details  coming,  in  some  of  their 
aspects,  under  other  branches  of  science,  as  chemistry  and  physiology. 
In  connection  with  these  sciences  some  suggestive  remarks  will  be 
found  in  the  papers  entitled  "  The  Farmer "  and  "  The  Grazier," 
bearing  on  the  great  question  of  heat  as  a  vital  power,  the  source  of 
animal  energy  or  force. 

Brief  General  Statement  of  the  Points  connected  with  Heat  as  the  One 
Sonrce  of  Energy,  Force,  or  Mechanical  Power. 

But  what  we  give  may  be  stated  in  a  very  general  way.  The  only 
known  source  of  heat  is  the  sun ;  from  the  agency  of  that  wonderful 
body,  which  gives  us  light  as  well  as  heat,  and  of  both  of  which  as 
to  what  they  really  are,  we  know  nothing — only  their,  phenomena 
and  manifestations  or  power  are  known,  which  is  all  that  is  required 
for  the  practical  purposes  of  man — ^the  cycle  or  circle  of  muscular 
force  of  man's  or  of  animals'  creation  may  thus  be  stated.  This 
force  can  only  be  maintained  by  keeping  up  the  supply  of  food ;  this 
food  partaken  of  is  through  the  medium  of  the  organs  of  the  body, 
and  by  the  agency  of  the  atmosphere,  chiefly  through  that  constituent 
of  it  known  as  oxygen,  consumed  precisely  in  the  same  way  as  fuel, 
coal  or  wood,  is  consumed  in  the  furnace  of  a  steam-engine  boiler, 
and  the  product  is  heat.  In  our  6wn  case  this  warmth,  or  "  vital 
heat "  as  it  is  termed,  is  the  source  of  the  "  strength  "  of  the  body, 
by  which  its  "  energy  "  is  maintained,  and  its  "  force  "  (see  preceding 
paragi'aphs)  exerted  and  utilised.  So  long  as  this  vital  heat  is  kept 
up,  so  long  is  that  mysterious  thing  called  animal  "  life"  maintained ; 
with  the  absence  of  all  vital  heat,  death  takes  the  place  of  life.  And 
it  is  only  during  life  that  muscular  force  can  be  exerted ;  but  how 
this  is  so  simply  by  the  will  or  the  volition  of  man  or  the  animals, 
we  know  not,  neither  of  what  that  force  really  is.  The  food  is 
thus  directly  the  maintaining  source  of  heat  and  of  muscular  force, 
and  that  food  is  itself  derived  from  or  produced  by  the  action  of 
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the  sun  exerted  through  the  medium  of  plant  and  soil.  Some 
youthful  reader  may  here  remind  us  that  man  is  not  a  vegetarian 
in  the  sense  of  living  upon  the  product  of  plants  alone — ^using  the 
term  plants  in  its  widest  sense  as  embracing  all  vegetation  or  growth 
in  soil — but  that  he  uses  animal  food  as  well.  But  the  reply  to  this 
is  simple :  the  animal  man  kills,  and  the  flesh  of  which  he  eats,  is 
itself  the  product  of  the  vegetables,  the  grass  or  hay,  or  the  turnips, 
which  the  animal  eats,  and  by  which  it  lives.  Now,  all  vegetation 
is  maintained  in  existence,  and  vegetable  or  plant  life  is  created,  so 
to  say,  and  maintained,  by  heat ;  and  the  source  of  that  heat,  in  all 
cases,  is  the  sun.  No  less  is  the  existence  of  that  condition  of  the 
atmosphere  which  we  call  wind  dependent  upon  the  heat  of  the  sun, 
and  from  which  we  obtain  power  through  the  agency  of  the  windmill 
— nor  less  the  existence  of  water  as  a  source  of  power  through  the 
agency  of  the  water-wheel  or  water-pressure  engine  and  the  turbine. 
How  the  heat  of  the  sun  creates,  so  to  say,  these  two  sources  of 
physical  power  or  force,  the  reader  must  learn  from  other  branches 
of  science,  with  which  we  are  not  at  present  concerned ;  so  also  for 
points  connected  with  conversion  of  the  heat  of  the  sun  into  muscular 
force  of  men  and  beasts. 

Energy,  Force,  or  Power  and  Heat,  may  be  considered  as  Convertible  Terms.— 
The  Modem  Discovery  of  Heat  Equivalents  in  Belation  to  Power. — The 
Science  of  Thermodynamics.— The  Application  of  its  Laws  has  revolutionised 
the  Practice  of  Machine  Working  or  Motive  Power. 

The  reader  will  now  perceive  the  truth  of  the  general  statement 
we  have  made,  that  all  physical  force  or  power  or  energy — that  is, 
the  capability  to  do  work  (see  "energy"  in  a  preceding  paragraph) 
is  derived  from  heat ;  and  the  only  source  of  heat  we  know  of  is  the 
sun.  Heat  and  force  or  physical  power  are  in  one  sense  synonymous 
terms,  and  in  practical  mechanics  mean  really  the  same  thing,  and 
are  true  convertible  terms — that  is,  we  can  say,  with  positive  accu- 
racy, that  if  we  have  a  given  amount  of  heat,  it  represents  or  will 
yield  a  certain  and  corresponding  amount  of  physical  force  or  power ; 
or  if  we  have  this  certain  amount  of  power,  it  has  been  obtained 
by  the  expenditure  of  a  certain  and  corresponding  amount  of  heat. 
If  we  stnke  a  spring  with  a  certain  force  of  blow,  represented  by 
so  many  pounds,  we  have  expended  so  much  of  our  animal  heat  as 
is  due  to  the  production  of  that  power ;  and  so,  if  we  have  this  known 
amount  of  heat  at  our  disposal,  we  know  that  we  have  through  its 
expenditure  a  physical  force  or  power  which  will  give  the  blow  on 
the  spring  indicating  so  many  pounds.  This  law  of  the  convertibility 
of  heat  and  force,  or  the  direct  relation  heat  has  to  what  we  call 
power,  is  but  a  discovery  of  comparatively  recent  date.     But  it  may 
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be  sB,id  of  it  that  it  is  that  which  is  revolutionising  the  practice 
of  modem  machine  working,  using  this  term  in  its  widest  sense,  as 
embracing  all  means  or  methods  by  which  we  can  do  work  either  as 
supplementary  to  or  doing  wholly  away  with  manual  labour.  The 
law  places  in  the  hands  of  the  engineer  and  the  machinist  a  power 
which  he  formerly  was  not  possessed  of,  of  knowing  and  accurately 
estimating  what  he  is  doing  when  he  is  expending  and  using  force, 
whether  he  is  wasting  power  or  utilising  it  with  the  highest  degree 
of  accuracy  and  economy. 

The  Terms  nsed  in  Converting  Heat  into  Power.— The  "  tJnit'*  of  Work  done, 
or  the  Meohanioal  Power  or  Force  exerted  by  Certain  Amonntt  of  Heat. — 
The  Unit  of  Heat. 

We  have  said  that  the  most  convenient  way  of  converting  heat 
into  physical  force  is  through  the  agency  of  water  submitted  to  the 
powera  known  scientifically  as  evaporation,  popularly  and  familiarly 
as  boiling,  and  this  through  the  direct  agency  of  the  combustion  of 
fuel  or  coal,  which  has  been  aptly,  and  indeed  truly,  described  as 
"  bottled-up  sun  rays."  This  agency  gives  us  the  nomenclature  or 
terms  for  stating  the  convertibility  of  heat  into  force,  or  force  into 
heat.  The  unit  used  is,  of  water  "one  pound,"  of  heat  "one  degree" 
(Fahrenheit  scale).  A  very  distinct  and  conclusive  set  of  experiments 
has  been  made  by  various  able  scientists,  amongst  whom  Dr.  Joule, 
of  Manchester,  is  conspicuons,  not  only  as  having  been  practically 
the  first  to  lead  the  way  in  this  most  valuable  line  of  physical 
investigation,  but  from  the  accuracy  and  variety  of  his  experiments, 
and  the  elaborate  way  in  which  he  has  formulated  them  for  practical 
purposes.  The  result  of  these  investigations  has  been  the  establish- 
ment of  the  relationship  subsisting  between  heat  and  force,  or  that 
which  gives  us  what  we  conveniently,  if  not  very  scientifically,  call 
mechanical  power.  This  relationship  is  shown  thus.  The  amount  of 
heat  required  to  raise,  or  which  is  absorbed  by,  a  pound  of  water  one 
degree  in  temperature,  ia  precisely  equivalent  or  equal  to  the  mecha- 
nical work  done  or  physical  labour  exerted  in  raising  772  pounds  a 
vertical  height  of  one  foot;  or  as  it  may  be  expressed  in  units  in 
both  cases,  heat  taken  by  one  pound  of  water  raised  one  degree  in 
temperature,  Fahrenheit  scale,  is  equal  to  the  force  or  the  mechanical 
work  done  in  raising  one  pound  through  a  height  equal  to  772  feet. 

Vast  Importance  of  the  Science  of  Thermo-dynamics  to  the  Engineer  in  making 

Motive  Power  Machines,  of  whatever  Kind. 

We  shall  in  future  paragraphs  see  how  important  this  law  which 
gives  the  relationship  of  heat  and  force  is  to  the  engineer  in  applying 
heat  to  the  production  or  creation  of  mechanical  power,  whether  he 
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BO  applies  it  throngh  the  agency  of  the  mechanism  of  the  s^eam  engine, 
the  hot-air  or  caloric  engine,  or  the  gas  engine.  For  it  gives  him, 
as  we  have  already  hinted  at,  the  clue,  so  to  say,  by  which  he  can 
discover  whether  he  is  getting  the  greatest  amount  of  work  done  of 
which  the  heating  agent  is  capable,  and  the  way  in  which  heat  is 
lost  by  the  creation  of  motion  which  does  not  give  useful  mechanical 
work ;  for  as  force  is  but  another  expression  for  the  expenditure  of 
a  given  amount  of  heat,  and  as  force,  to  be  useful  to  man,  is  to 
create  motion,  all  force  must  by  consequence  be  expenditure  of  heat, 
and  if  motion  be  not  wholly  useful  in  the  doing  of  mechanical  work, 
it  must  be  wasteful  of  this  heat.  The  field  thus  opened  up  to  the 
engineer  of  the  future  is  as  important  for  the  mechanical  issues  it 
involves  as  it  is  wide  in  extent.  Investigations  made  in  experimental 
working  carried  out  with  the  various  mechanisms  by  which  heat  is 
converted  into  force  or  mechanical  power,  will  not  oidy  tend,  as  they 
are  already  so  tending,  to  our  getting  the  highest  degree  of  working 
or  practical  efficiency  out  of  our  steam  engines,  which  at  present  have 
been  truly  characterised  as  wasteful  in  almost  the  highest  degree, 
but  may  in  course  of  time  bring  out  an  altogether  new  mechanism, 
by  which  heat  may  be  converted  into  force  in  the  most  direct  way, 
and  with  the  highest  degree  of  mechanical  efficiency.  What  has 
been  said  on  this  point  will  have  abundant  illustration  in  future 
paragraphs.  In  its  statement  the  student  will  have  perceived  that 
there  has  been  a  term  frequently  used,  and  one  which  is,  so  to  say,  ^ 
perpetually  recurring  in  all  mechanical  disquisitions;  this  will  be 
quite  as  appropriate  a  place  for  giving  that  explanation  of  it  which 
it  is  necessary  for  the  student  to  have  as  any  other  which  might  be 
chosen,  as  it  has  such  a  close  connection  with  the  subject  of  this 
present  paragraph.     The  term  here  alluded  to  is — 

'*Work  done'^  by  the  Ezeroise  of  Energy,  Force  or  Power.— ^'Heckanical 
Work"—"  Meohanioal  Efflciency"— "Effective  Work"— "Effective Force." 
— Some  Consideratioxis  connected  with  those  Equivalent  or  Convertible 
Tecbnioal  Terms. 

For  this  term  "work  done,"  the  terms  "effective  work"  or  the 
"  mechanical  efficiency"  or  the  "  effective  force  "  of  a  machine  or  piece 
of  mechanism  is  sometimes  substituted  as  synonymous ;  but  there  is 
a  distinction  or  difference  between  them,  more  or  less  precise,  which 
may  be  treated  by  the  reader  as  we  proceed.  The  term  which  forms 
the  title  to  this  paragraph  is,  however,  that  which  is  generally 
employed,  and  gives,  if  not  precisely  the  most  accurate,  certainly  the 
most  easily  understood,  indication  of  what  is  meant  to  be  conveyed 
by  it.  There  is  no  term  so  universally  understood  as  that  of  "  work 
done,"  in  connection  with  which  there  are  so  many  associations,  not 
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a  few  of  which  are  suggestive  of  painful  labour.  But  notwithstanding 
this  general  application  of  its  meaning,  there  exists  such  a  confusion 
of  ideas  as  to  the  methods  by  which  work  is  done,  that  many  have 
a  difficulty  to  understand  that  the  work  done  by  a  man  or  by  a  horse 
is,  to  use  the  term  we  have  decided  on,  as  much  mechanical  work  as 
that  done  by  a  special  machine  with  the  operation  of  which  the  term 
is  alone  popularly  used ;  and  that  the  method  of  expressing  the  value 
of  mechanical  work  is  applicable  equally  to  manual  and  animal  labour, 
or  work  done,  as  to  that  of  a  machine.  Indeed,  it  is  from  animal 
power  that  the  measure  usual  in  all  calculations  of  mechanical  work 
— say,  as  done  by  a  steam  engine  or  a  water-wheel — is  derived :  hence 
the  well-known  term  horse-power,  contracted  forms  of  expression 
being  H.  P.,  or  still  more  contracted,  IP.  What  is  meant  by  this 
we  shall  immediately  see. 

Elements  or  Factors  nsed  in  all  Calculations  of  "  Mechanical  Work "  or 
**  Efficiency''  or  *< Effective  Force,"  <*  Weight"  and  Space  "—Practical 
Statements  in  Connection  therewith. 

The  two  elements  involved  in  all  calculations  of  "mechanical 
work"  are  weight  and  space  or  distance;  the  equivalent  terms  of 
weight  are  force  or  pressure.  Weight  itself  is  expressed  by  the 
term  gravitation,  the  phenomena  of  which,  forming  so  important  a 
department  of  mechanics,  will  be  described  and  illustrated  in  future 
paragraphs.  The  "unit"  of  weight  used  in  calculations  of  mechanical 
work  is  the  "pound";  the  "unit"  of  space  or  distance  passed  through 
by  that  weight  is  the  "foot" — 1  ft.  The  space  passed  through  is 
generally  considered  as  vertical  space  or  distance,  being  usually 
expressed  as  so  many  feet  high  ;  and  this  more  from  the  character  of 
the  experiments  made  by  Watt  in  estimating  the  value  of  a  horse- 
power— he  having,  as  the  most  convenient  way  of  applying  this  kind 
of  muscular  force,  used  a  weight  attached  to  a  rope  hanging  vertically 
and  passed  over  a  pulley  which  gave  the  character  of  the  honzontal 
line  of  draught  of  the  horse  as  it  walked  along  a  level  surface, 
dragging,  pulling  or  raising  up  the  suspended  weight.  But  the  unit 
of  space  is  equally  applicable  whatever  may  be  the  direction  in  which 
that  space  or  distance  is  passed  through,  horizontal  as  well  as  vertical, 
the  term  "high"  being  so  long  established,  and  being  that  moreover 
in  general  use,  denoting  vertical  space  or  distance  passed  through. 
If  we  suppose  we  have  one  unit  of  weight  or  force  represented  by 
a  mass  of  metal,  and  this  of  course  1  lb.  in  weight,  and  if  it  be  passed 
through  a  space  of  twelve  inches  or  one  foot,  we  have  as  the  result 
a  "  unit  of  work  " — i.e.,  one  unit  of  mechanical  work  has  been  per- 
formed.    If  we  have  a  distance  or  a  space  of  a  thousand  feet  passed 
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through  or  over  by  the  one-pound  mass,  ^e  have  as  the  result  a 
thousand  units  of  mechanical  work  performed.  The  expressions  here 
used  are  convertible,  so  that  if  we  have  different  proportions  of  units 
we  still  have  the  same  equivalent  of  units  of  mechanical  work  per- 
formed. Thus,  if  in  place  of  having  a  mass  of  metal  of  one  pound 
weight  to  deal  with,  which  is  passed  through  a  given  space,  we  have 
one  of  one  hundred  pounds,  and  the  space  or  distance  through  which 
it  is  raised  or  over  which  it  is  passed  is  only  ten  feet,  we  have  the 
same  number  of  units  of  mechanical  work  performed  as  if  the  weight 
had  been  one  pound  and  the  space  a  thousand  feet — namely,  a  thou- 
sand units  of  work.  The  simple  rule  being,  that  if  we  multiply  the 
pounds  force  or  pressure  exerted  by  the  space  through  which  this  is 
passed,  we  have  in  the  result  the  number  of  units  of  mechanical  work 
performed,  so  that  if  1  x  1000,  100  x  10  are  both  equal  to  1000,  then 
500  lb.  of  weight  raised  through  50  ft.  of  space  is  precisely  equal 
in  units  of  mechanical  work  to  a  weight  of  50  lb.  raised  through  a 
height  of  250  ft.  This  simple  law,  the  convertibility  of  units  of 
space  and  weight,  is  so  to  say  necessary,  inasmuch  as  the  mechanic 
has  to  do  with  varying  forces  and  pressures  and  variable  spaces  or 
distances,  but  its  application  is  alike  simple  in  all  cases. 

The  <*  Units"  of  << Mechanical  Work"  expressed  in  the  Term  ^^Foot-ponnds." 
The  units  of  mechanical  work  performed  by  given  weights  or 
pressures  passing  through  spaces  are  generally  known  by  the  term 
compounded  of  the  two  elements — namely,  "foot-pounds."  This  term 
is  applicable  to  any  expression  of  mechanical  work,  no  matter  whether 
calculated  in  connection  with  machines  in  which  it  be  small  or  large 
in  amount.  But  if  "  work "  done  or  "  duty  "  performed  is  high  or 
great  in  amount,  a  term  expressive  of  a  higher  value  than  a  foot- 
pound is  much  more  convenient,  if  for  no  other  reason  than  this  — 
that  the  number  of  figures  required  to  denote  foot-pounds  in  powerful 
machines  would  be  very  cumbersome.  Hence  the  term  of  a  higher 
value  to  which  we  have  already  referred — namely,  "  horse  power  " — 
is  that  used  in  connection  with  machines  exerting  what  is  called 
great  power.  The  horse-power  unit,  or  that  which  is  taken  to  repre- 
sent the  mechanical  work  done  by  a  horse,  is  33,000  "  foot-pounds," 
or  a  weight  of  33,000  pounds  raised  one  foot  high — ^which  is,  from 
what  we  have  said  above,  convertible,  so  that  10  lb.  raised  through 
3,300  ft.  would  be  equal  to  the  above,  just  as  1  lb.  raised  through 
33,000  ft.  would  give  the  same  result.  The  foot-pounds  indicating 
the  power  of  a  man  amount  to  3,300;  this  term  "man-power"  has 
only  come  into  use  practically  or  conveniently  since  the  introduction 
of  gas  and  caloric  or  hot-air  engines  of  small  powers  for  the  doing 
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of  general  work,  as  driving  sewing  machines,  working  printing 
presses,  and  the  like.  In  place  of  using  the  term  "amount,"  or 
**  total  quantity  of  work  done,"  by  any  exertion  of  force,  power  or 
energy,  the  term  " rate "  is  used  as  the  "rate  at  which  work  was 
done,"  the  "  unit "  rate  being  a  horse-power  or  33,000  foot-pounds 
per  minute,  as  above  explained.  We  shall  have  something  more  to 
say  hereafter  about  those  terms  connected  with  work  done  or  power 
exerted. 

<'  Time  *'  the  Final  Factor  or  Element  in  GalonlationB  as  to  Mechanical  Work. 
The  application  of  this  principle  of  estimating  the  amount  of 
mechanical  work  done  by  various  machines,  acting  under  one  or  other 
of  the  natural  forces  we  have  described  in  the  preceding  paragraph, 
is  comparatively  simple.  But  another  element  is  introduced  into  the 
calculation — that  of  "time" — exemplified  in  the  expression  with 
which  even  our  most  youthful  students  in  mechanics  will  be  familiar : 
so  many  pounds  raised,  so  many  "  feet  high  per  minute."  The  three 
elements  or  units  are  of  weight  (1  lb.),  of  space  or  distance  (1  foot), 
of  time  (1  minute).  If  we  know,  for  example,  the  pressure  of  a 
certain  force  passing  through  a  certain  space  during  a  certain  number 
of  minutes,  multiplying  these  into  one  another  and  dividing  the 
result  by  33,000,  the  horse-power  unit,  we  ascertain  the  horse-power 
of  the  machine  in  which  the  above  calculations  are  ijaet  with.  The 
most  familiar  example  of  this  is  the  steam  engine.  In  this  the 
pressure  of  the  steam  on  the  surface  of  the  piston,  representing  the 
"  weight "  or  "  force "  in  the  cases  named  above,  multiplied  by  the 
"spa<je"  or  distance  passed  through  or  over  in  the  given  "time"  per 
minute,  and  divided  by  the  horse-power  unit,  33,000,  gives  the  power. 
But  this  is  not  the  effective,  but  only  the  nominal  power.  For  the 
various  practical  considerations  connected  with  the  conditions  known 
as  "effective"  and  "nominal"  horse-power  the  reader  is  referred  to 
some  work  on  "  The  Steam  Engine." 

Iheoretical  Mechanical  Efficiency. — Losses  of  it  in  Practice— General  Glance 

at  the  Causes  of  Loss. 

In  no  case  do  we  derive  the  full  or  effective  power ;  in  other  words, 
we  never  get  all  the  "  work "  done  which  the  force  agent  is  able  to 
give,  or  what  is  "  theoretically  "  due  to  it.  The  sources  or  causes  of 
loss  of  power  in  the  adaptation  of  the  various  "forces"  we  have 
named  (see  a  preceding  paragraph)  are  numerous.  Some  are  inevitable, 
and  depend  upon  laws  hereafter  to  be  noticed;  others — and  those 
constitute  the  great  majority,  and  are  the  most  fruitful  causes  of 
loss  of  power  or  of  work  done — arise  from  the  defects  either  in  the 
character  of  the  machine  we  use  to  adapt  the  force  or  power,  or  in 
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the  mechanical  construction  of  its  parts,  and  the  mode  by  which  we 
"  take  "  or  "  lead  "  off  the  power  of  the  machine  to  the  work  which  is 
to  be  done.  Those  latter  sources  of  loss  of  power  should  indeed  be 
classed  as  "waste"  of  it.  For  while  a  machine,  as  the  steam  engine, 
may  be — and  the  latter  indeed  seems  to  be — the  most  effective 
arrangement  by  which  we  can  adapt,  or  so  to  say  yoke  to  our  work, 
the  natural  force  at  our  disposal,  and  we  therefore,  for  the  time  at 
least,  cannot  make  a  better  use  of  it,  any  loss  of  power  arising  from 
positively  defective  arrangements  or  construction,  which  the  mechanic 
can  avoid  or  prevent,  is  neither  more  nor  less  than  waste ;  and  this 
is  wilful  if  a  mechanic  is  indifferent  about  giving  the  very  best  work 
he  can  give,  or  if,  knowing  that  there  is  a  better  way  than  his  own, 
he  is  careless  to  learn  what  that  is,  or  if  knowing  it,  from  the  force 
of  pure  prejudice  against  it,  no  matter  how  or  from  what  motives 
arising,  he  will  not  accept  it.  The  reader  who  studies  the  subject 
of  General  Mechanism  will  see  how  in  those  directions  just  noticed 
we  lose  or  waste  so  much  of  the  power  which  the  natural  forces  we 
employ  can  give  us, — so  large  a  percentage,  indeed,  even  in  the  best 
forms  of  what  are  called  prime  movei's  or  motors,  that  the  youthful 
student  in  mechanism  may  rest  assured  that  there  remains  a  vast 
and  wide  field  in  which  he  and  his  compeers  can  do  great  work  in 
the  way  of  economy  of  force  yet.  He  need  not  fear,  as  some  seem 
to  fear,  that  so  much  has  been  done  in  the  past  in  the  way  of 
inventing  and  constructing  machines,  that  there  is  little  left  to  be 
done  in  the  future.  So  far  is  this  from  being  the  case,  that  it  may 
be  said,  so  far  at  least,  of  our  motive  powers,  that  we  have  but  as 
yet  taken  up  the  hem  or  fringe  of  the  subject;  the  great  expanse 
of  the  material  being  as  yet  practically  untouched.  In  all  considera- 
tions connected  with  the  adaptation  to  mechanical  work  of  the  natural 
sources  of  power  other  than  those  of  wind  and  water,  the  student 
must  ever  bear  in  mind  that  heat  is  the  only  source  of  power.  This 
heat  being  of  necessity  applied  or  made  practically  available  in 
combustion  with  something  natural,  such  as  water  in  the  case  of  the 
steam  engine,  common  air  in  the  case  of  the  caloric  or  hot-air  engine, 
and  gas  in  the  gas  engine,  the  student  is  apt  to  consider  those 
elements  as  the  "  be  all  and  the  end  all "  of  his  mechanical  work ; 
they  are,  however,  but  the  vehicles  by  which  he  applies  the  power 
of  heat  force,  and  as  it  is  heat  which  gives  those  elements  what 
power — ^if  we  may  use  this  mode  of  putting  the  point — they  possess, 
it  is  obviously  to  heat  that  the  mechanic  must  direct  his  attention. 
How  to  use  it — that  is,  how  to  adapt  mechanical  arrangements  and 
combinations  so  that  the  maximum  of  power  contained,  so  to  say,  in 
the  "  heat  force,"  will  be  obtained  with  the  minimum  of  cost — is  the 
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problem  which  the  mechanic  has  to  solve.  That  it  has  not  yet  been 
solved — is  far  indeed  from  being  so,  despite  all  the  advance  mechanics 
has  made — may  be  learned  by  even  but  a  cursory  examination  of  the 
whole  subject.  Many  of  the  practical  points  unsolved  in  this  problem 
will  engage  our  attention  in  succeeding  paragraphs  of  this  work. 

The  Terms  <<  Motion"  and  <* Force,"  as  used  in  Preceding  Paragraplifl. 

In  preceding  paragraphs  the  student  will  have  noted  the  frequency 
with  which  the  term  "motion"  has  been  used.  It  is  one  of  the 
peculiarities,  as  indeed,  in  one  sense,  it  may  be  said  to  be  one  of  the 
difficulties,  in  arranging  a  description  of  the  science  of  mechanics,  in 
which  the  subjects  will  be  perfectly  consecutive,  that  terms  are  of 
necessity  used  in  discussing  one  subject,  before  they  can  be  fully 
explained,  and  which  can  only  be  done  in  discussing  another  subject, 
and  that  the  one  to  which  the  terms  naturally  belong ;  the  difficulty, 
such  as  it  is — and  it  is  one  which  appertains  to  the  exposition  of 
nearly,  if  not  quite,  all  other  branches  of  science — is  not,  however,  so 
great  as  it  appears  to  be.  When  we  adopt,  as  in  the  present  series 
of  paragraphs  we  have  adopted,  what  appears  to  be  the  most  natural 
way  of  treating  a  subject,  the  different  parts  flow  out  naturally  from 
one  another;  and  although  terms  are  employed  to  explain  the  subjects 
first  treated  of,  those  must  for  the  time  be  taken  as  granted.  And 
no  practical  loss  to  the  student  will  arise,  inasmuch  as  those  terms 
will  be  fully  explained  in  the  proper  sequence  of  place;  and  as  a 
rule  it  will  be  found  that  when  there  used  in  anticipation,  the  par- 
ticular force  of  their  application  to  the  point  being  discussed  will  not 
be  lost. 

We  have,  in  the  preceding  paragraphs,  begun  the  general  subject 
with  that  of  force,  assuming — and  the  assumption  is  a  safe  one — 
that  the  machinist  can  do  no  work  throug];^  the  agency  of  mechanism 
without  a  force  of  some  kind,  and  that,  therefore,  we  may  begin  with 
this ;  and  we  shall  see,  as  we  proceed,  that  all  the  other  subjects  to 
be  considered  flow  naturally  out  of  this,  the  leading  one.  And  if  the 
reader  will  refer  to  the  special  paragraph,  he  will  see  that  in  our 
definitions  of  what  force  is,  or  rather  what  scientific  men  have  decided 
to  call  h^  this  name — a  "  something,"  the  phenomena  or  effects  of 
which  are  welLknown  and  can  be  practically  availed  of,  but  how  it 
Ls  caused  they  do  not  know — in  those  definitions  the  student  will 
perceive  that  this  "  force,"  this  "  something,"  is  that  which  causes 
" motion"  Those  two  terms  embrace  every  consideration  connected 
with  mechanism.  With  force  the  mechanic  knows  that  he  can  have 
motion,  and  with  motion  he  can  do  the  work  he  designs  to  do.  He 
knows  this,  so  to  say,  intuitively,  without  any  teaching ;  but  unless 
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he  knows  a  vast  deal  more  than  this,  he  will  be  unable  to  apply  to 
the  best  advantage  those  two  characteristics  of  all  machines  doing 
work.  To  the  points  constituting  this  additional  and  absolutely 
necessary  knowledge  we  now  direct  the  attention  of  the  student, 
leaving  the  definition  of  the  term  force  as  given  in  a  previous  para- 
graph. It  would  seem  that  the  natural  way  would  have  been,  to 
have  first  examined  or  defined  what  motion  was,  as  the  "something" 
called  force  seems  always  to  be  productive  of  motion;  although,  in 
looking  further  into  it,  it  will  be  remembered  that  force  may  pix)duce 
rest.  But  as  far  as  the  machinist  is  concerned,  it  matters  little, 
practically,  whether  he  has  "  motion  "  defined  and  considered  first, 
or,  on  the  contrary,  "  force  "  ;  still  we  have  taken  the  latter  first,  as 
from  it  flow  naturally  the  other  points,  energy  and  power,  which, 
as  we  have  seen,  are  often  confounded  with  force  and  considered 
synonymous  with  it.  And  in  one  way  this  sequence  of  consideration 
of  certain  subjects  which  we  have  adopted  may  be  looked  upon  as 
the  most  natural,  inasmuch  as  under  ordinary  circumstances  the 
m£u;hinist  knows  that  he  must  have  the  energy  and  the  power  or 
force  of  some  kind,  before  he  can  have  his  machine  to  do  work,  and 
being  assured  of  that,  he  proceeds  to  dasign  his  mechanical  arrange- 
ments by  which  the  motions  he  desires  are  obtained. 

Motion. — Some  Points  connected  witli  this  Condition  of  Katter. 
As  in  the  case  of  force,  so  in  the  definition  of  motion,  some  have 
indulged  in  metaphysical  abstractions  leading  to  statements  and 
expressions  which  have  a  much  more  powerful  tendency  to  confuse 
the  mind  of  the  reader  than  to  enlighten  it  as  to  what  the  subject 
is.  Here  again  the  practical  reader  will  do  well,  for  the  present  at 
least,  to  refrain  from  all  such  abstruse  considerations,  and  content 
himself  with  what  he  knpws — we  may  say  intuitively  almost — as  to 
what  motion  is.  Derived  from  the  Latin  motio,  and  this  from  moveret 
signifying  to  move,  he  knows  that  motion  is  something  quite  different 
from  that  position  or  condition  to  which  he  gives  the  name  of  rest. 
And  further,  that  in  his  mind,  when  it  is  applied  to  himself,  or  any 
part  of  himself,  or  to  any  other  body  exterior  to  himself,  he  invariably 
and  without  any  hesitation  associates  with  the  term  a  change  of  place 
of  the  body.  If  at  one  space  of  time  vre  see  a  body  in  one  place  or 
position,  and  find  it  at  another  time  in  another  place,  we  have  not 
the  slightest  doubt  in  our  own  mind  that  the  change  of  place  must 
have  been  the  result  of  motion.  We  thus  have  the  simplest  of  all 
definitions  of  the  term  motion — "  a  change  of  place  of  a  body."  And 
this  involves  the  ide^  of  a  comparison  with  other  bodies  or  another 
body.     Motion  in  bodies  is  therefore  relative,  and  can  only  be  described 
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or  conceived  of  in  relation  to  another  body ;  it  is  thus  an  object  of 
comparison.  We  have  said  that  the  readiest,  and  we  might  call  it 
the  popular  way  of  conceiving  of,  and  in  a  manner  therefore  defining 
motion,  is  that  it  is  the  condition  of  a  body  opposite  to  that  which 
we  call  rest. 

But  the  comparison  just  named  of  a  body  in  motion,  is  not  always 
made  relative  to  another  at  rest,  for  rest  itself  is  relative.  Thus,  if 
one  is  sitting  on  the  deck  of  a  steamer  coasting  along  the  shore,  he 
is  at  rest  relative  to  the  ship,  but  in  motion  relative  to  the  shore ; 
for  the  motion  he  has  .which  is  derived  from  the  ship  is  said  to  be 
"  common  "  with  the  ship,  while  the  motion  relatively  to  the  shore 
is  common  to  both.  But  if  we  suppose  that  he  is  walking  to  and 
fro  in  place  of  sitting  on  the  deck,  he  then  has  motion  "  relative " 
to  the  ship ;  and  if  he  walks  along  the  deck  in  the  opposite  direction 
to  that  in  which  the  steamer  is  going,  and  at  the  same  rate  per  hour 
— say  three  miles — he  is,  relatively  to  the  shore,  at  rest,  for  he  is 
walking  just  as  fast  in  one  direction  as  the  steamer  is  moving  in  the 
opposite.  We  thus  see  that  it  may  be  true  that  a  man,  as  in  this 
example,  may  at  the  same  time  be  in  motion  and  yet  at  rest.  Thus, 
in  walking  on  the  deck  he  is  in  motion,  as  he  changes  his  place  from 
one  part  of  it  to  the  other  in  relation  to  the  ship;  but  at  rest  in 
relation  to  the  shore.  For  the  "  force,"  whatever  it  may  be,  which 
would  take  him  from  one  point  to  another  as  measured  along  the 
shore,  is  counteracted,  so  to  say,  by  another  and  an  equal  force — 
namely,  that  of  the  motion  of  the  steamer  in  another  direction.  So  that 
the  sum  of  two  forces,  each  of  which  is  capable  of  producing  motion, 
may  produce  rest;  hence  is  deduced  this  definition  of  the  terms 
motion  and  rest.  A  point  is  said  to  be  in  motion  or  at  rest  according 
as  its  position  in  space  is  or  is  not  changing  or  being  changed. 

Motion  and  Force. — Some  farther  Points  connected  with  them. 

If  the  reader  will  turn  to  a  preceding  paragraph,  giving  the 
generally  received  definitions  of  the  term  "force,*'  and  to  the 
paragraph  entitled  "some  considerations  connected  with  the  last- 
named  definition  of  force-pressure,"  he  will  find  under  those  heads 
a  good  deal  which  bears  on  the  statement  made  above — namely, 
that  generally  force  is  considered  to  be  a  cause  of  motion.  We  shall 
have  yet  much  to  give  on  the  subject  of  motion — and  in  its  relation 
to  force  we  have  yet  to  explain  the  laws  of  motion  as  generally 
received — and  we  have  many  points  to  which  we  have  yet  to  draw 
the  attention  of  the  reader  in  connection  with  the  phenomena  of 
motion  under  different  circumstances  or  mechanical  conditions,  all  of 
which  have  the  closest  bearing  on  the  practical  work  of  the  mechanic. 
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We  for  the  present,  therefore,  add  to  what  we  have  already  given 
on  the  subject  of  motion  a  few  general  statements  respecting  it, 
which  it  will  be  necessary  for  the  young  student  reader  at  present 
to  have  some  fair  conception  of.  A  further  and  fuller  one  will  yet 
be  had  as  we  proceed.  From  what  we  have  said  in  preceding  para- 
graphs, the  young  reader  will  have  perceived  that  there  are  other 
definitions  of  force  than  those  we  have  given ;  and  that  much  of  the 
uncertainty  which  arises  in  his  mind  as  to  this  point  of  force, 
and  what  it  is,  is  owing  to  the  obviously  different  character  of  the 
definitions  given — difference  not  easily,  if  at  all  reconcilable.  Hence 
it  is  that  we  have  recommended  as  his  best  coiu'se  of  action,  at  least 
at  the  beginning  of  his  study,  not  to  take  up  time  by  trying  to 
reconcile — or  to  understand — the  difficulties  caused  by  opposing, 
contradicting,  or  confusing  definitions.  Whatever  may  be  said—  and 
a  good  deal  has  been  said — of  Newton's  definition  of  force,  this  at  all 
events  may  be  said  of  it :  that  it  (the  definition)  conveys  the  idea 
in  a  way  which  so  appeals  to  our  common  sense  or  every-day  expe- 
rience that  no  one  will  have  a  difficulty,  as  we  have  already  said,  in 
understanding  its  manifestations.  Whatever  that  force  may  be,  in 
every-day  life  we  have  no  end  of  practical  facts  to  prove  that  if  we 
have  a  force,  we  can  and  do  get  by  it  motion.  We  .can  push  against 
an  object,  or  we  can  pull  at  it,  or  draw  it,  to  use  a  very  common 
phrase ;  and  with  the  push  or  pull  or  draw  we  can,  if  the  force  we 
exercise  or  the  energy  we  put  forth  be  great  enough,  cause  the  body 
to  move,  that  is,  change  its  position — or  if  it  be  a  body  like  a  pulley 
hung  upon  a  shaft,  we  can  cause  it  to  rotate,  i.e,  turn  round  or 
partially  round  on  its  shaft  as  a  centre.  In  succeeding  paragraphs 
we  have  much  to  give  on  the  peculiarities  of  motion  under  different 
mechanical  conditions.  If  we  think  of  moving  a  body  along  a  surface 
we  almost  intuitively  conclude  that  it  is  done  either  by  pushing  or 
pulling  or  drawing  it.  The  word  '*  push "  is  derived  directly  from 
the  French  potLsser,  to  drive  or  propel  by  pressure — to  push  against, 
as  by  the  force  of  the  arm  or  the  weight  of  the  body.  And  this 
French  term  is  derived  from  the  Latin  pulsarej  to  beat  or  knock  or 
push  against.  The  wcM*d  "  pull "  is  Old  English  in  derivation — 
pvMiarif  to  draw  or  drag  a  body  towards  one,  to  haul.  The  word 
"  draw  '*  is  also  Old  English  in  derivation — dragen,  or  it  is  from  the 
Ger.  tragen  (there  is  a  Low-German  word  "trecken,"  to  draw), 
and  this  from  the  Latin  trahere.  Both  these  mean  primarily 
the  causing  of  a  body  to  move  or  approach  towards  oneself  by 
the  exertion  of  a  force — there  being  a  connexion  between  the 
body  to  be  drawn  and  the  force,  as  the  arm  or  body,  which  draws 
it.     The  word  "  drive,"  so  frequently  met  with  in  mechanical  defi- 
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nitions,  is  sjmonyinous  with  "push,"  and  is  derived  from  the  Old 
English  drifariy  to  push ;  so  that  driving  is  like  pushing — the  action 
of  a  force  behind  the  body,  moving  it  along  by  pushing  against  it. 
That  Newton  considered  force  as  an  effort — ^a  physical  effort — and 
that  he  associated  with  it  the  ideas  of  pulling  or  drawing,  and  of 
pushing,  is  beyond  any  doubt.  Now,  an  effort,  derived  directly  from 
the  French  word  effort — e,  out  of,  and  ybr^,  strong — is  an  exertion  of 
power  or  of  strength,  in  other  words  the  manifestation  of  energy. 
This  method  of  considering  a  force  as  the  cause  of  motion  does  not 
exclude,  but  includes,  a  strain  or  stress,  a  pressure  (see  a  preceding 
paragraph,  for  some  remarks  on  pressure).  In  the  case  of  moving 
a  body  by  a  pull  or  draw,  a  connexion  being  between  the  body 
and  the  force  pulling  or  drawing,  the  connexion — as  a  rope — 
is  said  to  be  "  strained."  The  word  "  strain "  is  derived  from  the 
French  Ureindre — ^to  draw  tightly  or  with  force,  or  to  test  the 
strength  of  by  pulling  or  drawing.  The  word  "stress"  is  simply  an 
abbreviated  form  of  the  word  "distress,"  and  means  that  which  bears 
on  a  body  with  force,  weight,  or  pressure.  From  all  this,  and  from 
what  has  already  been  said,  the  youthful  reader  will  perceive  that 
force — ^whatever  it  is — is  always  exerted,  or  seen  to  be  exerted,  in 
relation  between  two  bodies,  and  the  action  as  between  the  two 
bodies  is  not  completed,  cannot  indeed  be  said  to  be  begun,  till  the 
force  is  exerted.  Force  considered  as  a  push  or  pull  or  a  draw,  or 
an  effort  or  strain,  cannot  of  itself  produce  or  cause  motion  till  the 
effort  be  made,  the  push  given,  or  the  pull  or  draw  put  on.  This 
the  young  reader  will  see  to  be  true  if  he  thinks  it  out.  He  may  ^ 
put  his  hand  on  a  ball,  and  yet,  although  he  knows  full  well  that 
he  has  only  to  exercise  his  will — volition,  and  the  force  of  his  arm — 
to  use  the  general  form  of  expression — ^will  be  put  forth,  still,  though 
the  force  exists,  there  is  no  motion  on  the  ball,  that  is,  it  is  not 
pushed  forward  so  as  to  be  moved  from  him,  till  the  will  is  exercised 
and  the  push  given.  The  same  holds  true  in  the  case  of  a  pull  or 
draw  :  there  is  no  movement  of  the  ball  towards  the  person  till  the 
force — pulling  or  drawing  force — of  the  arm  or  body  is  put  in  exer- 
cise. And  no  matter  what  the  force  or  power  might  be,  it  is  obvious 
that  it  (the  force)  and  the  body  would  remain  in  the  same  position 
to  each  other  as  at  first,  and  there  would  be  no  motion  in  the  ball 
till  the  force  gave  the  push,  or  made  the  pull  or  draw  or  effort. 
And  when  the  push  is  given,  the  pull,  draw  or  effort  made,  and  the 
motion  of  the  ball  takes  place  as  the  result,  we  say  in  general  terms 
that  it  is  the  force  which  causes  the  motion.  This  is  quite  true,  but 
it  does  not  go  far  enough  ;  something  has  to  be  added  to  make  the 
truth  complete.     And  this  follows  from  what  we  have  said  above. 
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For  the  force — say  the  hand — may  be  in  actual  contact  with  the 
ball^  and  yet  no  motion  take  place  till  the  will  acts  in  the  hand, 
the  push  is  made,  and  the  ball  moves.  But  the  existence  of  the  mere 
force  would  never  have  caused  the  motion ;  unless  the  force — repre- 
sented by  the  hand  and  arm  acted  on  by  the  muscular  force  of  the 
body  under  volition — itself  had  moved,  the  ball  would  not  have 
moved  either.  In  the  case  of  the  hand  giving  the  push,  the  volition 
or  the  mere  will  creates,  so  to  say,  the  force ;  but  this  is  exercised 
through  the  medium  of  the  muscles  of  the  arm,  which  themselves 
moving  give  motion  to  the  hand,  which  in  turn  gives  motion  to  the 
ball.  So  that  while  it  is  in  one  sense  quite  true  that  it  is  the  force 
which  is  the  cause  of  motion,  that  force  has,  so  to  say,  itself  to  move 
before  the  body  it  acts  upon  will  move ;  so  that  it  is  equally  true  in 
another  sense  that  force  alone  is  not,  and  cannot  be,  the  cause  of 
motion.  And  this  is  true,  whatever  be  the  character  or  nature  of 
the  force,  or  to  give  it  its  other  name,  power,  employed.  We  shall 
have  many  exemplifications  of  this  important  truth  or  aspect  of 
motion  and  force  as  we  proceed  in  future  paragraphs  to  explain  the 
different  classes  of  motions.  As  we  have  said,  all  force  is  an  action 
between  two  bodies,  and  all  force  may  be  said  to  be  a  means  or  mode 
of  giving  out  motion,  which  is  imparted  to  or  taken  up  by  another — 
which  is  thus  moved.  And  in  proportion  as  this  body  moved  takes 
up  the  motion  given  out  by  the  other  body,  so  that  which  is  or 
represents  the  force  in  like  proportion  loses  it.  We  have  not  at 
this  stage  of  our  work  referred  to  certain  considerations  flowing 
out  from  what  are  accepted  as  the  laws  of  motion,  inasmuch  as 
these  will  naturally  come  up  for  description  and  illustration  in  due 
course  in  succeeding  paragraphs.  Such  considerations  as  these  just 
alluded  to  would  very  much  complicate  to  some  of  our  readers  the 
general  subject  of  force  and  motion  considered  in  their  simplest 
elements  and  relations;  [and  it  is  only  some  of  the  more  general 
considerations  we  desii^e  the  reader  at  present  to  examine,  and  to 
gather  up  one  or  two  leading  features  which  may  be  of  service  to 
him  when  he  comes  to  consider  the  more  special  and  detailed  points. 

Velocity  of  Hatter  in  Motion,  related  to  or  dependent  upon  the  Elements  of 

Time  and  Space. 

So  far  as  the  machinist  is  concerned,  as  it  is  with  movements  he 
has  chiefly  to  do,  force  is  generally,  we  may  say  always,  considered 
to  be  a  "cause  of  motion."  Motion  has  the  two  conditions  of  common 
and  relative,  and  can  never  from  the  nature  of  things  be  said  to  be 
absolute,  for  that  can  only  be  ascertained  by  a  knowledge  of  the 
universe  to  which  absolute  motion  is  relative.     Motion  has  other 


THE  TECHNICAL   STUDENT's  INTRODUCTION  TO   MECHANICS.    51 

conditions,  to  which  we  apply  such  terms  as  rapid  and  slow,  accele- 
rated and  retarded. 

What  these  terms  imply  we  know  almost  intuitively,  but  direct 
exemplifications  of  them  we  shall  meet  with  as  we  proceed.  But 
with  all  of  them  the  condition  to  which  we  give  the  name  "velocity" 
is  invariably  associated.  Velocity  and  motion  are  often  confounded 
as  synonymous  terms,  for  we  find  the  expression  "  his  motion  was 
very  rapid,"  used  as  if  it  meant  the  same  thing  as  "  his  velocity  was 
very  great."  Now,  velocity,  or  the  magnitude  or  amount  of  motion, 
gives  us  the  means  of  measuring  or  estimating  the  rapidity  or  the 
slowness  of  motion,  and  is  constant  or  invariable.  But  the  element 
or  condition  of  motion  known  as  velocity  would  from  the  latter 
circumstance  be  of  no  practical  value  to  us,  unless  we  took  along 
with  it  the  elements  of  space  and  time.  For  the  measure  of  the 
velocity  of  any  body  is  the  space  it  describes  or  passes  through  in  a 
given  time.  Velocity  may  therefore  be  defined  as  the  relation  which 
motion  has  to  time  and  space.  It  is  derived  from  the  Latin  word 
vdodtaSf  and  this  from  the  root  veloXy  swift.  The  terms  swift  or 
slow  motion  or  speed — to  employ  the  term  used  by  machinists — are 
therefore  purely  relative  to  some  point  or  amount  determined  on  as 
a  standard,  and  in  all  statements  or  calculations  as  to  velocity  time 
must  be  included.  In  mechanics  the  "units"  of  time  used  are 
"  seconds  "  and  "  minutes  " ;  generally  the  "  speed  "  of  a  machine  or 
parts  of  a  machine  is  stated  in  "minutes,"  the  unit  of  "space"  passed 
through  usually  adopted  is  the  "  foot " :  thus  in  stating  "  velocities  " 
in  mechanism  we  say  that  such  and  such  a  part  has  a  "  speed "  of 
so  many  "feet"  per  "minute."  A  simple  statement  of  velocity  or  its 
measure  is  in  mechanical  papers  generally  understood  to  be  the  space 
passed  through  or  over  in  a  "  second."  Where  the  spaces  are  pro- 
portional to  the  times  occupied  or  taken  up  in  passing  through  them, 
in  the  case  of  uniform  velocity,  the  spaces  passed  through  are  always 
uniform.  The  term  "  speed  "  is  often  used,  as  we  see  above,  in  place 
of  velocity.  In  practical  mechanics  it  is,  indeed,  the  term  which  is 
generally  used  in  relation  to  the  movements  of  the  different  parts, 
as  shafts,  wheels,  pulleys,  etc.  The  word  ^' speed"  is  derived  from 
the  Old  English  spedan,  to  make  haste,  to  hurry  on,  to  despatch 
quickly ;  or  from  the  German  specHren,  to  hasten,  to  despatch. 

Varieties  of  Motion. — TTniform— Accelerated— Retarded,    ^ 

When  a  "body"  passes  through  equal  spaces  or  over  certain  lengths 

or  distances  in  equal  units  of  time,  the  motion  is  said  to  be  "uniform." 

When  the  spaces  or  lengths  and  the  times  or  units  are  in  different 

proportions  or  relations  to  each  other,  the  motion  of  the  body  is  said 
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to  be  "  variable."  If  the  spaces  or  distances  passed  through  in  equal 
units  of  time  are  constantly  increasing  at  a  rate  greater  than  the 
times,  the  motion  is  said  to  be  "accelerated/*  When  the  case  is 
the  converse  of  this,  that  is,  when  the  spaces  passed  through  in  equal 
times  decrease  at  a  faster  or  greater  rate  than  the  times,  the  motion 
is  said  to  be  "  retarded."  Motion  is  defined  as  "  periodic  "  or  <'inter- 
vallic,"  or  at  intervals,  when  the  spaces  or  distances  passed  through 
or  over,  and  the  times  occupied  in  passing  through  them,  are  in 
certain  proportions  to  each  other  at  certain  defined  intervals  only. 
Motion  is  said  to  be  "  continuous  "  when  it  goes  on  during  a  certain 
time  without  ceasing.  Continuous  motion  must  not,  however,  by 
the  reader  be  considered  synonymous,  as  many  consider  it  to  be,  with 
"uniform"  motion.  A  motion  may  be  slow  at  one  part  of  the 
whole  period  of  time  during  which  it  exists,  quick  at  another,  it  may 
have  accelerated  velocity  during  one  of  the  periods,  retarded  velocity 
at  another  period;  and  yet,  withall  their  variations  in  velocity,  which 
together  constitute  a  condition  the  very  opposite  of  uniform,  the 
motion,  as  such,  of  one  kind  or  another  is  always  going  on,  that  is, 
does  not  altogether  cease  even  when  the  retardation  is  the  greatest 
of  the  whole  period  of  time  during  which  the  motion  as  such  lasts. 
The  motion,  however  varying  in  its  character,  is  continuous.  As 
above  stated,  we  have  much  to  give  yet  upon  motion  and  its  mani- 
festations under  dilfferent  mechanical  conditions. 

Matter. 
We  have  hitherto  been  considering  motion  and  its  opposite  con- 
dition of  rest  chiefly  as  mental  conceptions,  without  special  reference 
to  material  considerations.  But  the  machinist  has  to  deal  with  facts, 
and  the  substances  he  has  to  do  with  are  very  solid  and  practical 
facts  indeed.  The  reader  cannot  take  up  alike  the  most  simple  or 
the  most  elaborate  treatise  on  physics,  or  on  the  special  branch  of 
this  general  science  of  natural  circumstances  or  conditions  known  as 
mechanics,  without  continually  coming  across  the  words  "  matter,"  a 
"  body  "  or  "  bodies,"  "  mass,"  "  weight,"  "  motion  "  or  "  movements," 
"momentum."  The  last  five  of  these  terms  are  all  conditions  de- 
pendent upon  the  first — namely,  "matter."  In  some  of  the  more 
elaborate  treatises  above  referred  to  are  definitions  and  explanations 
of  what  matter  is,  or  rather  what  the  writers  conceive  it  still  some- 
what dogmatically  to  be.  But,  as  before,  with  such  abstruse  and 
metaphysical  speculations  we  would  counsel  the  student  not — for 
the  early  stages  of  his  study  at  least — to  concern  himself.  He  wiD 
have  not  the  slightest  necessity  in  his  future  work  for  more  infor- 
mation as  to  what  "  matter "  is  than  what  his  own  sense  informs 
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him  it  is — namely,  something  which  can  by  our  senses^  that  is,  by 
seeing,  feeling,  etc.,  be  perceived  and  known  to  exist.  What  the 
reader  can  see,  can  handle,  and  in  point  of  fact  deal  or  do  with, 
he  knows  at  once  is  a  something  to  which  is  given  the  name  of 
"  matter."  He  has  no  diflSiculty  whatever  in  knowing  that  anything 
mental  is  essentially  different  from  what  is  called  material.  The 
derivation  of  the  word  itself  will  give,  as  usual,  a  clear,  at  least  a 
suggestive  clue  to  what  matter  is.  It  is  derived  from  the  Latin 
word  materia,  and  the  root  of  this  same  word,  some  of  our  readers 
will  be  surprised  to  learn,  is  the  Latin  word  mater,  signifying  a 
'*  mother,"  a  maker  or  producer,  a  cause  of  something  which  bodily 
exists. 

Atomfl—Fartieles— Bodies. 

This  last  word,  "  matter,*'  brings  us  to  the  other  term  named  in 
last  paragraph — **  body."  Matter,  however  caused  or  produced,  is  by 
nearly  all  scientific  men  considered  to  exist  in  its  first  or  primary 
condition  in  forms  of  an  inconceivably  minute  size— if  the  term  size 
as  involving  dimensions  can  be  applied  to  such  infinitesimally  small 
'^somethings,"  quite  beyond  the  reach  of  measurement.  To  those 
"somethings"  the  term  "atoms"  is  applied.  The  name  is  derived 
from  the  Greek  word  atomos,  signifying  "  uncut," — that  is,  an  atom 
is  indivisible,  or  as  it  may  be  so  expressed,  it  is  so  small  that  it 
cannot  be  cut  or  divided.  When  a  number  of  such  indivisibly  small 
"  somethings,"  called  "  atoms,"  come  so  together,  the  number  being 
indefinite  or  unknown,  what  is  called  a  "  particle "  is  formed.  The 
word  particle  is  derived  directly  from  the  Latin  word  particiUa,  and 
this  is  a  diminutive  from  the  root  pars  or  partis,  a  "  part " ;  and  it 
means  a  small  part  of  matter,  or  a  substance.  An  aggregation  or 
collection  of  particles  massed  or  joined  together  is  said  to  be  a  "body." 
The  word  body  is  derived  from  the  Anglo-Saxon  bodig,  signifying  the 
"  trunk  of  a  tree,"  from  which  the  reader  will  perceive  its  applied 
meaning — a  something  large  or  massive,  which  can  be  handle  or 
moved  or  dealt  with  in  one  way  or  another.  The  reader  will  obtain 
a  good  idea  of  these  abstract  statements  in  a  concrete  form  by 
supposing  a  bagful  or  heap  of  dry,  clean,  sharp  sand.  Each  indi- 
vidual grain,  which  is  so  small  that  to  an  ordinary  eye  it  may  be, 
and  in  some  cases  actually  is,  invisible,  represents  a  "atom."  Let 
the  reader  suppose  that  a  liquid  of  a  gluey  or  cementing  character 
is  sprinkled  over  or  here  and  there  passed  through  the  heap  of  sand, 
and  in  such  a  way,  but  in  such  minute  quantity,  that  it  cements 
or  binds  together  a.  few  only  of  the  grains  of  sand,  and  only  at  wide 
intervals  or  spaces  in  the  heap.  Those  few  grains  bound  or  cemented 
together  represent  "  particles,"    From  some  causo  or  other  thQ  heap 
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may  be  supposed  to  be  so  stirred  or  moved  that  the  particles  separated 
from  each  other  come  together  in  greater  or  less  numbers,  and  lie 
in  little  heaps  of  particles  here  and  there  throughout  the  general 
heap.  Suppose  now  that  in  greater  strength  and  quantity  the 
cementing  liquid  is  so  sprinkled  over  or  mixed  with  the  general  heap 
that  it  attaches,  so  to  say,  some  of  the  little  separate  heaps  of  par- 
ticles, and  binds  so  many  of  each  into  separate  and  individual  pieces. 
These  pieces  represent  "bodies."  So  that  ultimately  the  heap  of 
fine  sand  originally  taken  in  hand  is  composed  of  three  divisions  of 
matter — first  the  grains  or  atoms;  second  the  aggregation,  the  going 
together  of  some  of  those  atoms,  forming  particles;  tliird  the  aggre- 
gation of  some  of  those  particles,  forming  bodies. 

Further  ConsideratioiiB  connected  with  Matter. — Uolecnles* 
The  term  "  molecule "  is  often  used  as  synonymous  with  that  of 
"  atom."  But  this,  arising  from  a  confusion  of  ideas,  if  not  abso- 
lutely erroneous  is  not  strictly  correct ;  the  more  accurate  way  is  to 
consider  the  term  "molecule"  as  synonymous  with  or  a  more  scientific 
term  for  the  word  "  particle."  This  is  borne  out  by  the  derivation 
of  the  word  molecule,  which  is  a  diminutive  of  the  I«,tin  word  molesy 
which  signifies  a  mass  or  "heap"  of  matter,  the  word  molecule  being 
thus  defined  as  a  small  or  minute  particle  of  matter,  a  mass,  a  "  heap," 
so  to  say,  of  "  atoms."  In  this  view,  which  we  hold  to  be  correct,  a 
molecule  possesses  properties,  so  to  say,  of  a  much  more  tangible  and 
understandable  character  than  an  atom.  A  molecule  has  properties 
with  which  the  mechanic  has  i-eally  in  practice  to  do ;  atoms  scarcely 
— indeed,  as  strictly  defined,  cannot  possibly — come  within  his  ken. 
The  point  involved  is  one  which  carries  with  it  so  much  that  is  of 
scientific,  and,  what  is  more  to  the  purpose,  of  practical  interest,  that 
it  is  necessary  .to  go  somewhat  into  its  consideration.  From  the 
very  term  employed — "  atom,"  we  have  seen,  the  conditions  from  or 
circumstances  in  which  atoms  exist,  that  they  are  indivisible,  and 
inasmuch  as  the  eye  aided  even  by  the  most  powerful  microscope 
fails  to  see  the  atoms,  they  are  also  invisible.  For  the  present  we 
merely  allude  to  the  thought,  which  natui-ally  arises  here  in  the 
mind  of  the  reader,  that  there  can  be  little  use  in  saying  much  about 
what  is  invisible,  and  about  which,  therefore,  it  may  be  predicated 
at  first  sight  that  nothing  can  positively  be  known.  Taking  the 
common -sense  view  of  the  matter,  he  is  apt  to  decide  that  there  is 
little  good  practically  to  be  got  out  of  considering  things  we  cannot 
divide — that  is,  touch  and  handle  under  their  mechanical  or  material 
aspect — far  more  when  we  cannot  even  see  them.  But  here  we  would 
remind  the  youthful  reader  that  if  this  consideration  were  always 
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acted  upon,  it  would  be  disastrous  to  all  mechanical  progress,  as  no 
investigation  would  be  made  into  the  natural  causes  upon  which  all 
mechanical  work  depends.  For  the  same  objection  could  be  made 
to  inquiries  about  heat,  light,  and  electricity,  none  of  which  can  be 
seen,  any  more  than  atoms  can,  and  about  what  they  really  are  we 
know  as  little — that  is,  absolutely  nothing — ^as  about  them.  But — 
and  this  "  but "  the  reader  must  give  special  heed  to,  for  it  lies  at 
the  root  of  or  forms  the  basis  of  all  scientific  inquiry  to  which  the 
mechanic  owes  so  much — if  we  do  not  know  what  heat,  for  example, 
is,  we  do  know — thanks  to  the  patient  observ^ation  and  earnest  inves- 
tigation of  generations  of  those  who  have  lived  before  us — a  great 
deal  of  what  heat  can  do  and  does,  and  what  is  more  to  the  purpose, 
what  we  can  do  with  its  help.  All  these  "facts,"  these  known 
things  about  heat,  then,  form,  as  we  have  already  seen  in  preceding 
paragraphs,  the  basis  of  a  special  department  of  mechanics — that  of 
"  thermo-dynamics  "  or  the  *'  scienca  of  heat  force" — of  infinite  value 
to  the  mechanic.  And  having  thus  a  series  of  facts,  the  student 
will  perceive  that  there  is  nothing  to  be  lost,  but  that  there  is  the 
chance — we  prefer  to  put  it  in  this  way — that  there  will  be  a  good 
deal  gained,  by  science,  if  there  be  an  endeavour  made  by  scientific 
men  to  make  out  a  theory  or  create  an  hypothesis  (the  derivation  of 
this  latter  word  is  already  given)  which  will  account  for  the  facts. 
The  theories  in  connection  with  laws  of  nature,  on  which  all  "  work " 
depends  for  its  existence  and  maintenance,  may  be  open  to  the 
objection  of  this  one  or  that  one,  but  they  form,  as  we  shall  presently 
see,  what  may  be  called  useful  working  theories. 

OeneraUy  Accepted  Views  or  Theory  as  to  the  Condition  of  Matter.— Atoms. 
It  is  in  this  way  that,  in  considering  "matter,"  and  in  endeavouring 
to  account  for  the  phenomena  which  are  known  respecting  it  when 
in  the  tangible  form  of  what  we  call  "  bodies,"  scientific  men  have 
agreed  to  .the  theory — practically  the  great  majority  of  them  are 
agreed  in  it — which  we  have  generally  stated, — that  the  ultimate  or 
primary  condition  of  matter  or  of  bodies  is  that  to  which  the  name 
or  term  atom  is  given,  and  that  atoms  possess  the  following  properties, 
or  we  should  rather  say,  are  supposed  to  be  and  to  exist  in  the  follow- 
ing conditions.  The  indivisible  and  practically  invisible  atoms  are 
separated  from  each  other,  kept  apart,  by  the  agency  of  heat,  which 
prevents  their  ever  approaching  each  other  so  as  to  become  aggregated 
into  that  condition  for  which  the  only  term  here  available  in  our 
language  is  that  of  a  solid  body  or  mass.  The  spaces  are  perpetually 
maintained  which  keep  separate  the  atoms,  and  those  spaces  are  in 
that  condition  known  as,  and  only  to  be  described  by,  the  terra  vacua, 
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or  completely  empty  spaces,  in  which  nothing  exists.  Further,  that 
these  spaces,  separating  what  all  are  agreed  to  call  atoms,  are  so 
excessively  minute,  that  no  substance  we  know  of,  even  the  finest 
air  or  the  most  subtle  of  gases,  can  pass  into  them  and  thus  gain 
a  position  between  two  or  more  atoms.  Atoms  being  thus  separated 
by,  and  each  of  them  enveloped  in,  a  vacuous  or  completely  empty 
space,  the  youthful  student  may  have  a  difficulty  to  see  how  it  is 
that  they  can  in  this  condition  go  to  form,  or  be  themselves  the 
primary  elements  of  bodies  or  masses  of  matter.  But  this  difficulty 
is  got  over  by  the  hypothesis — which  is  in  fact  a  common -sense  one, 
and  the  general  theory  of  atoms  as  so  far  now  stated  is  admitted  or 
held — that  while  thus  floating  about,  so  to  say,  in  this  sea  of  vacuity, 
each  separate  from  its  neighbour  by  the  law  of  "  heat,"  another  law, 
that  of  "  cohesion,"  comes  into  play,  and  it  is  this  which  brings  about 
the  condition  of  atoms  which  may  be  said  to  constitute  them  into 
a  mass,  or  by  which  an  infinite  number  of  them  are,  so  to  say,  held 
together.  It  will  be  perceived  that  we  have  used  certain  terms  which 
have  as  yet  received  no  special  explanation.  This,  however,  has  been 
unavoidable,  inasmuch  as,  we  have  already  pointed  out,  we  cannot 
describe  certain  conditions  without  using  certain  words  which  convey 
those  ideas,  and  which  are  the  only  words  available.  But  these  words 
which  denote  certain  conditions,  such  as  "contact,''  "cohesion,** 
"  mass,"  will  be  fully  explained  in  all  their  mechanical  importance 
in  their  allotted  places  in  succeeding  paragraphs. 

On  some  Speculations  as  to  the  Condition  of  Atoms. 
It  is  only  when  this  atomic  condition  of  matter  is  changed,  so  that 
the  aggregation  of  "atoms"  constitutes  what  are  called  "particles,' 
or  in  scientific  language  "molecules,"  that  the  attention  of  the 
mechanical  student  becomes  arrested,  in  considering  what  matter  is, 
by  something  which  comes  really  within  the  scope  of  sense;  inasmuch 
as  we  have  seen  that  molecules  of  matter  possess  what  are  known 
as  physical  or  material  qualities  which  minister  to  the  necessities  of 
the  mechanic  in  dealing  with  bodies,  substances,  or  materials.  Up 
to  this  point  the  theoretical  expositions  of  atoms  has  been  wholly  in 
the  region  of  thought  or  conjecture,  but  this  has  had  most  important 
outcomes,  as  in  the  atomic  theory  on  which  all  modern  chemistry  is 
based.  But  while  the  value  of  those  theoretical  considerations  is 
shown  in  connection  with  this  science,  they  may  be  dismissed  here, 
as  they  are,  to  say  the  least  of  it,  too  metaphysical  or  too  subtle  to 
be  of  practical  service  in  the  science  of  mechanics.  Yet,  as  we  have 
hinted  at,  some  of  those  who  have  taken  up  the  exposition  of  this 
science  have  not  hesitated  so  to  deal  with  this  (juestion  of  sttoms, 
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or  the  ultimate  or  primary  condition  of  matter — bodies,  substances, 
or  materials — as  to  base  upon  what  they  conjecture  or  assert,  theories 
which  they  maintain  lie  at  the  base  or  very  root  of  the  science  of 
mechanics;  dogmatically  asserting  that,  unless  those  theories  be 
accepted,  nothing  but  errors  will  arise  in  all  mechanical  calculations 
and  investigations.  After  what  has  been  said — ^and  with  much,  if 
not  with  all  of  which,  such  expositors  of  mechanical  science  agree — 
the  student  will  perhaps  be  a  little  more  than  surprised  to  learn  that 
those  expositors  of  new  views  or  of  a  new  theory  do  riot  hesitate  to 
attribute  to  the  ultimate  atoms  of  matter,  which  we  have  shown  to 
be — or  which  are,  for  scientific  purposes,  assumed  to  be — ^in  such  a 
condition  that  they  cannot  be  said,  correctly,  to  have  a  physical 
condition  at  all,  certain  physical  attributes.  When  the  student 
comes  to  peruse  a  future  paragraph  on  one  of  the  properties  of 
matter — namely,  that  of  elasticity — he  will  find  an  example  of  this 
tendency  of  some  writers  to  attribute  physical  properties  to  that 
which  is  admitted  to  be  in  a  condition  to  which  the  term  "physical " 
cannot  with  reason  be  applied,  and  some  remarks  upon  that  par- 
ticular subject  in  relation  to  this  assumption  or  conjecture  which  have 
a  practical  bearing  on  the  subject  of  mechanics. 

What  is  chiefly  required  of  a  Theory  in  Mechanical  Points,  is  that  it  ^'fits 
in"  or  *< squares"  with  the  Facts  of  Observation  and  Experience. 

This  straining  by  some  to  know  what  is  in  itself,  as  we  have  seen, 
unknowable,  has,  we  are  bold  enough  to  say,  a  very  prejudicial  effect 
upon  technical  teaching,  in  connection  specially  with  mechanics ;  nor 
less  those  confident  assertions  that  things  are  as  those  who  assert 
wish  them  to  be,  when  in  truth  they  cannot  possibly  say  what  they 
either  are  or  are  not.  In  view  of  all  those  assertions,  so  bewildering 
to  the  student  in  mechanics,  one  is  apt  to  be  reminded  of  the  way 
a  celebrated  reviewer  put  a  point  in  relation  to  this  assertion  made 
by  an  author:  That  "we  know  that  there  is  no  such  thing  in  exist- 
ence as  spirits";  to  which  the  reviewer  pithily  put  this  question, 
"  How  do  you  know  ?  did  they  tell  you  %  "  The  truth  is,  that  many 
of  the  theories  advanced  in  connection  with  mechanics,  or  the  physics 
of  bodies,  are  useful  in  the  same  way  as  the  theories,  for  example,  of 
the  scientific  agriculturist.  In  connection  with  all  the  phenomena 
of  growth  of  vegetables,  and  the  action  of  certain  substances  termed 
manurial  upon  them,  he  knows  absolutely  nothing ;  but  taking  the 
phenomena  or  facts  connected  with  them  which  he  does  know  as 
they  exist,  he  finds  that  a  certain  theory  "  fits  in,"  so  to  say,  so  well 
with  those  phenomena,  in  the  various  phases  of  existence,  that  he 
adopts  the  theory  as  ^  b^sis  for,  or  that  which  accounts  for,  the  facts 
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of  practice.  The  theory,  as  a  theory,  is,  after  all,  but  a  mere  "  hypo- 
thesis " ;  or,  to  use  a  term  derived  from  the  meaning  of  the  word,  a 
"supposition,"  or  something  "placed  under";  nevertheless,  it  is  a 
working  supposition  which  in  practical  everyday  work  is  found  to  be 
conveniently  applicable  to  its  demands  and  requirements.  This  is, 
indeed,  all  that  can  be  said  for  many  of  the  theories  of  physics,  and 
it  is  practically  saying  a  good  deal.  And  all  teachers  of  science — 
that  is,  true  science,  which  never  "assumes"  anything — will  take 
care  to  acquaint  their  pupils  with  this  fact :  that  many  theories  are 
only  held  because  they  are  convenient  and  good  working  suppositions, 
which  are  held  for  lack  of  a  better,  or  of  that  precise  and  definite 
knowledge  which,  so  far  as  we  see,  we  are  destined  never  to  arrive 
at.  But  while  all  this  is  true  with  reference  to  speculations,  points 
connected  with  atoms  or  the  ultimate  condition  of  matter,  which  is 
only  a  matter  of  pure  supposition,  and  must  with  our  present  know- 
ledge be  so,  it  is  altogether  different  when  wp  come  to  consider  what 
may  be  called — 

The  Molecular  Condition  of  ICatter  and  its  General  Phenomena,  as  exemplified 

in  Mechanical  Work. 

This,  as  we  have  shown,  is  a  region  which  comes  under  the  domain 
of  the  practical  mechanic.  Although  we  have  said  that  the  subject 
of  molecules  is  one  which  has  a  practical  interest  that  mere  specula- 
tions as  to  atoms  do  not  possess,  the  student  must  not  suppose  that 
these  conditions  and  characteristic  phenomena,  and  the  laws  which 
regulate  them,  are  thoroughly  understood ;  the  very  opposite,  indeed, . 
of  this  is  the  case,  as  we  are  but  groping  in  the  dark,  so  to  express 
it.  Still,  what  man  has  found  out  respecting  molecular  conditions  * 
and  action  has  been  and  is  daily  of  vast  practical  service  to  him  in 
his  mechanical  work.  And  although  progress  in  further  and  fuller 
discoveiy  is  slow,  yet  it  is  still  being  pushed  forward,  and  we  are 
gradually  accumulating  such  a  series  of  facts  as  lead  to  the  hope 
that  the  law  which  regulates  the  various  and  wonderful  phenomena 
of  the  molecular  condition  of  substances  and  materials  may  yet  be 
discovered.  So  that  it  may  reasonably  be  anticipated  that  we  shall 
make  advances  in  our  knowledge  of  and  modes  of  dealing  with 
mat-erials  as  great,  compared  with  what  we  know  and  possess  at 
present,  as  that  which  we  know  now  when  viewed  in  comparison 
with  what  was  within  the  ken  of  our  predecessors  in  mechanical 
work  of  but  a  generation  or  two  ago. 

It  need  scarcely  be  said  that  it  is  in  connection  with  metals  that 
the  phenomena  of  molecular  conditions  are  chiefly  displayed,  and  in 
a  way  or  rather  in  a  variety  of  ways  which  in  practical  application 
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have  been  of  the  highest  service  to  the  mechanic.  Taking  the  most 
common,  the  cheapest,  the  most  easily  obtained,  and  yet  to  the 
mechanic,  for  the  endless  purposes  of  his  work,  the  most  valuable  of 
all  the  metals — namely,  iron — we  find  that  in  its  three  forms  of  cast 
iron,  wrought  or  malleable  iron,  and  steel,  the  phenomena  of  molecular 
condition  play  an  important  part,  and  it  is  in  virtue  of  those  that 
all  the  striking  characteristics  of  these  metals  arise.  Taking  cast 
iron,  for  example,  we  find  that  in  its  manufacture  from  the  crude 
ore  the  presence  of  certain  substances  brings  about  remarkable  changes 
in  the  mechanical  capabilities  of  the  metal,  those  by  which  they  can 
be  made  use  of  by  the  mechanic  for  certain  classes  of  work.  And 
these  substances,  although  present  in  the  furnace  during  the  process 
of  the  manufacture  of  the  cast  or  pig  iron,  exist  in  quantities  so 
minute  in  relation  to  the  vastly  greater  bulk  of  the  mj^terial,  that 
one  would  be  justified,  on  being  made  aware  of  their  presence,  in 
deciding  instantly  that  they  could  exert  no  appreciable  influence  on 
the  metal  with  which  they  came  in  contact.  And  yet  this  influence, 
brought  about  by  substances  infinitely  small,  is  so  great  that  the 
metal  may  for  certain  practical  purposes  be  useless  or  greatly  reduced 
in  value,  according  as  those  substances  are  dealt  with.  If  the  reader 
will  turn  to  the  works  in  this  series  entitled  **The  Iron  Maker"  and 
"  The  Steel  Maker,"  he  will  find  some  striking  examples  of  the  effect 
of  certain  substances  on  the  molecular  condition  of  the  metals  in 
which  they  are  present,  and  conversely  in  which  they  are  absent  or 
eliminated. 

The  molecular  influence,  as  we  may  call  it,  present  in  all  matter  to 
which  we  give  the  name  of  substances  or  solid  bodies,  is  seen  in  every 
department  of  mechanical  work  in  which  metals  are  used.  It  lies  at 
the  very  base  of  the  mechanic's  work  j  and  much  as  has  been  done, 
is  being  daily  done,  in  the  mixing  of  metals,  in  bringing  about 
changes  in  their  physical  condition  fitting  them  for  certain  classes 
of  mechanical  work,  there  is  every  prospect  of  our  being  able  to 
bring  about  still  greater  improvements  in  this  department  of  labour. 
In  this  mixing  of  metals,  or  what  may  be  called  the  making  of  alloys, 
the  results  exhibited  are  singularly  stiiking  illustrations  of  molecular 
phenomena.  Thus  the  density  of  a  given  metal  may  be  increased  to 
a  very  great  degree  by  mixing  with  it  a  small  proportion  of  another 
metal;  and  yet  while  the  density  is  increased,  and  there  are  two 
metals  now  in  the  mass,  the  volume  or  bulk  is  not  only  not  increased, 
but  is  actually  smaller  than  that  of  the  metals  in  their  separate 
condition;  in  some  cases  the  bulk  remains  the  same.  Here  the 
connection  of  matter  is  evidently  this ;  that  the  added  metal  must 
flow  and  fill  up  the  spaces  between  the  molecules,  however  those 
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spaces  are  caused  or  created  and  maintained.  A  very  good,  although 
familiar  illustration  of  this  condition  may  be  had  in  a  barrel  full  of 
large  stones,  which  we  may  consider  as  representing  molecules.  We 
find  that  by  taking  a  number  of  smaller  stones  we  can  find  space  for 
them  by  shaking  them  into  the  spaces  between  the  large  stones,  for  • 
the  shape  of  them  prevents  them  from  lying  closely  together.  The 
smaller  stones  may  now  in  turn  be  considered  as  molecules,  and  by 
taking  a  number  of  pebbles  we  can  by  shaking  the  barrel  get  a  large 
number  to  pass  into  its  interior,  those  finding  resting  places  in  the 
spaces  left  void  by  the  smaller  stones  failing  to  come  cYose  up  to  each 
other  and  to  lie  in  contact.  Looking  now  upon  the  pebbles  as  mole- 
cules, we  can  take  sand,  and  by  shaking  it  into  the  barrel  we  find 
that  we  can  pass  into  it  a  very  large  bulk  of  this  new  material,  sand, 
which  represents  what  we  call  "atoms."  Here  we  have  within  a 
definite  space  or  volume,  represented  by  the  barrel,  added  bulks  of 
three  difterent  materials,  giving  a  new  material,  a  conglomeration 
or  concrete,  and  which  we  may,  keeping  up  our  illustration  of  the 
mixing  of  metals,  call  an  alloy,  of  consequently  much  greater  density, 
but  of  no  greater  volume  or  bulk,  for  the  barrel  still  contains  the 
game  cubic  space.  It  is  on  the  same  principle,  or  in  virtue  of  the 
same  law,  that  the  mechanic  can  enlarge  a  small  hole  in  a  metal 
casting  by  using  a  tool  of  larger  diameter  passed  forcibly  into  the 
hole,  the  molecules  of  the  metal  being  crushed  inwards,  towards  the 
direction  of  the  exterior  surface  of  the  casting ;  and  that  those  solid 
molecules  must  be  made  to  occupy  the  void  spaces  between  molecules, 
beyond  the  range  of  the  enlarged  hole,  is  evident  from  the  fact  that 
while  the  interior  hole  is  enlarged  or  increased  in  diameter,  the 
exterior  diameter  is  not  so,  but  remains  the  same.  This  law  is  taken 
advantage  of  in  an  infinite  variety  of  ways  in  the  mechanical  and 
industrial  arts.  We  have  never  yet  reached  the  limit  of  density,  or 
the  point  beyond  which  molecules  cannot  be  compressed  so  as  to 
occupy  new  positions  or  fill  up  new  spaces.  So  far  from  this,  that 
it  has  sometimes  been  jocularly  said  that  it  is  possible  to  compress 
all  the  incalculable  molecules  of  the  globe  into  the  bulk  of  a  nutshell. 
This  is,  so  far  as  we  know,  theoretically  true,  but,  like  all  illustrations 
of  natural  laws,  pushed  to  an  extreme — ^such  as  in  the  case  of 
Archimedes,  who  boasted  that  if  he  had  a  fulcrum  and  a  lever  long 
enough  he  would  move  the  world  out  of  its  place — is  only  useful  as 
expressing  a  law  in  the  most  striking  way. 

Fnrther  Illiutrations  of  Holeonlar  Disposition  of  Matter. 
The  very  melting  of  the  metals,  in  the  arts  of  founding  and  alloy 
making,  is  a  process  dependeut  upon  th^  law^  regulating  molecular 
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phenomena ;  the  flowing  pi-operty  imparted  to  the  molecules  by  the 
accession  of  heat  of  a  much  higher  temperature  than  that  of  their 
normal  or  familiar  or  ordinary  condition,  enabling  them  to  be  run 
into  the  finest  and  minutest  intricacies  of  a  mould,  the  shape  of 
which  when  again  cooled  the  mass  of  molecules  will  assume.  When 
we  come  to  consider  specially  what  are  called  the  "properties"  of 
bodies  or  their  physical  or  mechanical  condition,  we  shall  find  that 
the  phenomena  of  molecular  influence  are  illustrated  in  all  the  pro- 
perties about  bodies  which  are  known  as  elasticity,  hardness,  density, 
porosity,  malleability,  ductility ;  and  also  in  all  of  the  wide  range  of 
the  actual  or  workshop  practice  of  the  mechanic  by  which  he  gives 
to  his  materials  certain  properties  of  which  the  hieirdening  of  steel 
may  be  taken  as  the  most  striking  representative.  In  all  of  them 
heat  plays  a  most  essential  part,  for  although  heat  may  be  in  such 
a  condition  as  that  its  presence  is  not  indicated  by  feeling,  or  even 
by  the  most  delicately  adjusted  of  our  thermometers,  the  young 
reader  must  not  suppose  that  it  does  not  exist. 

We  have  seen  that  the  molecular  or  even  the  atomic  condition 
is  supposed  to  be  entirely  dependent  upon  the  action  of  heat,  so  far  as 
the  spaces  or  voids  between  the  molecules  are  concerned,  the  holding 
together  of  the  molecules — so  to  express  it — being,  on  the  contrary, 
due  to  the  operation  of  the  law  of  attraction,  and  to  which  the 
property  of  a  body  known  as  its  cohesion  is  due.  And  as  the  accession 
of  heat  to  a  body  causes  the  spaces  between  the  molecules  to  be 
increased,  and  the  molecules  thus  to  be  further  separated,  we  have 
the  condition  or  property  of  a  body  known  as  dilatation  or  expansion, 
by  which  the  bulk  is  increased,  as  we  see  in  the  work  of  the  smith. 
This  repulsion  caused  by  heat  is  that  which  overcomes  the  cohesive 
force,  or  that  of  attraction,  and  when  carried  far  enough  will  melt 
the  metal  and  cause  its  molecules  to  flow  freely  amongst  each  other. 
This*  flowing  property,  as  we  have  before  named  it,  is  seen  in  the 
heated  bar  of  iron  upon  which  the  smith  is  working.  But  the  reader 
may  be  surprised  to  learn  that  the  wide  variety  of  mechanical  opera- 
tions dependent  upon  the  property  which  we  call  "  ductility  "  (see  a 
future  paragraph),  such  as  drawing  out  of  metals  in  plates,  rods, 
rails,  and  in  smaller  sections  as  wire ;  the  coating  or  covering  of  one 
metal  with  another,  and  the  numerous  methods  of  stamping  out  and 
pressing  of  materials  to  make  them  assume  new  forms  and  take  up 
new  positions,  is  due  to  this  flowing  property.  In  future  paragraphs 
we  shall  have  illustrations  of  the  phenomena  of  molecular  influence 
drawn  from  practical  work  in  the  mechanical  and  industrial  arts; 
as  this  present  paragraph  is  designed  to  concern  itself  with  mere 
general  explanations,  necessary  to  the  due  understanding  of  certain 
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subjects,  and  as  introductory  to  the  special  paragraphs  devoted  to 
other  laws  of  nature  upon  which  all  mechanical  work  is  based.  Mean- 
while, for  the  purposes  of  the  present  paragraph,  we  have  to  refer 
to  another  condition  in  which  molecules  are  present,  constituting  a 
peculiar  feature  in  some  bodies,  from  which  certain  mechanical  results 
of  an  important  character  flow  out. 

Further  Considerations  eonnected  with  the  Molecular  Disposition  of  Bodies. — 

Crystallisation. 

We  have  seen  that  in  our  consideration  of  the  physical  condition 
of  matter  we  have  advanced  from  its  minutest  or  primary  or  ultimate 
form,  known  as  atoms — if  indeed,  as  the  reader  may  be  thinking, 
the  term  physical  can  be  applied  to  those,  which  can  neither  be  seen 
nor  handled,  to  a  condition  known  as  molecules,  which  are  larger 
than  atoms — if  largeness  is  a  term  at  all  applicable  to  those,  although 
its  use  is  inevitable. 

We  now  come  to  a  condition  which  in  some  instances  the  molecules 
of  bodies  assume,  and  take  what  may  be  called  a  larger  form ;  this 
form  has  the  name  of  a  crystal  given  to  it.  We  have  hitherto 
conceived  of  molecules  of  matter  being  congregated  together,  so  to 
say,  in  their  normal  or  ordinary  condition,  taking  up  no  definite 
position,  but  changing  or  liable  to  be  changed  in  a  way  thoroughly 
irregular,  according  to  the  action  of  the  laws  of  repulsion  and  attrac- 
tion. We  say  the  normal  or  ordinary  condition,  although  in  reality 
it  is  difficult  to  say  what  is  the  normal  condition,  that  condition 
depending,  as  we  see,  upon  a  variety  of  circumstances  themselves 
continually  changing.  But  in  taking  up  the  new  form,  we  see  that 
in  certain  bodies  or  substances  the  molecules  appear  in  the  form  of 
crystals.  And  we  find  that  the  uncertainty  of  position  above  noticed 
disappears,  and  we  have  the  phenomenon  called  crystallisation,  coming 
under  the  operation  of  a  law  which  gives  to  each  material  or  substance 
its  own  peculiar  form  or  configuration  of  "  crystals,"  seen  only  in  it 
and  in  no  other.  This  crystalline  condition  of  bodies  is  taken  advan- 
tage of  in  many  mechanical  and  industrial  operations,  and  made 
useful  in  giving  certain  forms  to  mechanical  parts.  The  opposite 
condition  to  "crystalline"  is  that  known  as  "fibrous,"  and  the 
distinction  between  cast  iron  and  wrought  iron,  considered  from  a 
purely  mechanical  or  physical  point  of  view,  is  that  the  cast  iron  is 
crystalline,  the  wrought  iron  fibrous  in  its  nature.  We  have  other 
molecular  conditions,  as  cellular  and  tubular,  and  these  conditions 
enable  us  to  cany  out,  in  certain  materials,  certain  industrial 
operations  of  great  value.     To  some  of  these,  as  to  those  dependent 
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upon  the  other  forms  of  molecules  and  their  properties,  we  shall  directly 
allude  in  future  paragraphs. 


The  Condition  of  Bodies  known  as  "  Mass." 

From  what  has  been  said  in  the  preceding  paragraphs  the  reader 
has  now  a  fair  comprehension  of  what  a  "  body  "  is,  scientifically  or 
theoretically  considered.  And  although  he  may  not  be  able  to  give 
an  exact  definition  of  what  a  body  is,  viewed  in  this  aspect,  assuredly 
he  will  in  practical  everyday  life  have  no  diflSculty  whatever  in 
knowing  and  in  satisfying  himself  as  to  what  a  body  actually  is. 
What  is  called  in  popular  language  a  piece  or  lump  of  stone  or  wood, 
coal,  or  tin,  or  in  fact  anything  which  can  be  seen,  felt,  measured, 
or  weighed,  is  a  "  body."  But  pieces  or  lumps  or  bodies  of  the  same 
matter  vary  in  size — that  is,  some  have  a  greater  number  of  atoms 
and  particles  aggregated  than  others ;  those  aggregations  have  some- 
times the  term  "mass"  applied  to  them.  In  one  sense  the  terms 
"bodies"  and  "mass"  are  synonymous;  thus  an  aggregation  of 
"  atoms  "  forms  the  mass  called  a  "  particle,"  and  an  aggregation  or 
a  mass  of  particles  is  called,  as  we  have  seen,  a  "  body."  And  this 
view  is  supported  by  the  derivation  of  the  word  "mass,"  which  comes 
from  the  Latin  massa,  the  German  Masse,  and  this  from  massein, 
to  knead.  The  idea  here  conveyed  may  be  illustrated  by  supposing' 
us  to  take  a  quantity  of  fine  flour,  each  atom  of  which  is  quite 
invisible,  and  knead  it  or  press  it  together ;  we  form  then  a  "  mass 
of  flour."  If  we  use  water  in  the  kneading  process  we  then  form 
what  is  called  a  mass  of  dough.  A  mass  has  been  defined,  therefore, 
as  a  great  quantity  or  amount  of  matter  collected  together,  and-  comes 
closely  to  the  popular  idea  of  the  term,  with  which  great  quantity 
of  materials  are  always  associated — the  ideas  of  "  bulk,"  "  size,"  or 
"  magnitude."  This  general  or  popular  idea  of  the  term  is  illustrated 
in  a  heap  of  "  breeze,"  which  every  one  knows  is  a  product  of  brick- 
making.  If  from  this  heap  an  individual  piece  be  taken,  consisting 
of  a  hard,  burnt,  or  calcined  particle  of  clay,  no  one  would  under 
ordinary  circumstances  speak  of  it  as  a  mass — he  would  call  it  a 
body,  j)ossibly  a  lump  or  piece — but  in  speaking  of  the  heap  generally, 
which  might  be  made  up  of  but  two  or  three  barrowfuls  or  of  several 
cartloads,  he  would  without  hesitation  define  it  to  be  a  "  mass."  We 
may  thus  define  this  popular  or  general  conception  of  the  term 
"  mass  "  to  be  that  which  possesses  greater  bulk,  size,  or  magnitude 
than  a  less  quantity  or  aggregation  of  the  same  matter  which  is 
known  as  a  body,  and  is  spoken  of  in  common  language  as  a  "piece" 
or  "  lump," 
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The  Condition  of  Bodies  known  as  Yolnme — ^Bolk— Siie— Xagnitnde. 
The  term  "  volume  "  is  one  which  the  reader  will  frequently  meet 
with  in  mechanical  disquisitions.  While  "  mass  "  is  always  applied 
to  designate  a  certain  attribute  of  solid  bodies,  *'  volume ''  is  usually 
applied  to  gaseous  bodies,  and  frequently  to  liquids — although  the 
word  "mass"  is  often  used  with  reference  to  those  latter,  as  "a 
mass  of  water."  The  term  "  volume,"  with  which  the  popular  mind 
invariably  associates  the  idea  of  a  book  or  mass  of  printed  leaves  or 
sheets,  in  its  derivation  justifies  its  application  to  scientific  subjects ; 
for  as  a  book  is  made  up  of  a  series  of  leaves  one  added  to  the  other, 
so  a  volume  of  gas  or  of  water  is  strictly  made  up  of  a  series  of 
small  or  comparatively  small  bodies,  or  masses  of  bodies,  added 
together.  The  term  "  bulk "  is  often  applied  to  liquids,  as  in  the 
case  of  bodies,  of  which  one  may  be  said  to  contain  a  greater  bulk 
of  water  than  another.  It  is  derived  from  an  Icelandic  word  bulka, 
to  swell,  which  conveys  the  idea  of  increase  of  size  very  fairly.  The 
word  "size,"  which  is  used  so  frequently  in  making  comparative 
observations  as  to  the  mass  of  bodies,  has  a  very  curious  derivation. 
It  is  a  diminutive  of  the  legal  term  "  assize  " — which  is  derived  from 
the  Latin  ad,  to,  and  sedere,  to  sit — and  as  assizes  were  in  former 
days  frequently  held  to  decide  matters  relating  to  weights  and 
measures,  the  abbreviated  term  became  applied  in  connection  with 
the  measurement  or  the  "  size  "  of  bodies.  The  term  "  magnitude," 
applied  generally  in  a  comparative  sense,  as  "  one  body  was  of  greater 
magnitude  than  another,"  is  derived  directly  from  the  Latin  magni- 
tudOf  and  the  root  of  this  is  magnuSf  great.  It  is  generally,  and,  as 
will  be  seen  from  this  derivation,  correctly  applied  to  bodies  com- 
paratively of  great  mass;  the  term  size  generally  being  used  in 
relation  to  bodies  of  comparatively  small  mass. 

Weight,  Oravity,  or  Gravitation. 
But  with  increase  of  bulk,  size,  magnitude,  or  mass,  the  mind  as 
an  almost  invariable  rule  associates  another  attribute  or  quality — a 
something  to  which  the  name  of  "  weight,"  or,  as  in  another  word, 
"  heaviness,"  or  in  that  of  "  ponderosity,"  is  given.  It  is  impossible 
to  conceive  of  a  body  of  matter  without  this  attribute  of  weight ; 
this  is  purely  relative,  and  we  speak  therefore  of  bodies  as  light  or 
heavy.  We  do  not  mean  that  the  term  "light"  conveys  the  idea 
that  it  has  no  weight,  but  simply  that  the  light  body  has  less  weight 
than  what  we  call  the  heavy  body.  Another — and  it  is  the  accurate 
or  scientific  term — is  "gravity."  This  is  derived  from  the  Latin 
word  gravitas,  the  root  of  which  is  gravis,  signifying  weight.  Gravity 
Uk.  its  special  sense  may  be  defined  as  the  force  which  attracts  bodies 
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or  masses  of  matter  towards,  that  are  placed  at  distances  from,  each 
other.  Hence  it  is  called  the  "attraction  of  gravitation,"  to  dis- 
tinguish it  from  other  " attractions "  so  called  which  form  part  of 
the  science  of  physics  or  "  natural  philosophy,"  and  of  some  of  which, 
so  far  as  they  concern  the  special  work  of  the  machinist,  we  shall 
hereafter  take  note.  The  characteristics  of  the  attraction  of  gravita- 
tion are  perhaps  most  strikingly  displayed  in  the  way  in  which  bodies 
"  fall "  towards  the  surface  of  the  earth  when  left  free  to  do  so,  and 
this  simply  from  the  enormously  greater  mass  of  the  earth  as  com- 
pared with  any  body  which  man  can  deal  with  in  lifting  it  up  above 
the  earth's  surface.  But  this  attraction  of  gravity  exists  in  the  case 
of  all  bodies,  however  minute;  it  affects  the  atom  as  well  as  the 
particle,  the  particle  as  well  as  the  body  (see  in  preceding  paragraphs 
"body,"  "bodies")  :  the  quality,  so  to  express  it,  of  the  attraction  of 
gravitation,  or  the  force  with  which  a  body  is  thus  drawn  to  the 
earth,  is  the  "  weight "  of  that  body. 

Popular  Misconoeption  om  to  the  Action  of  Gravity,  as  in  the  Phenomenon 

of  Bodies  falling  or  dropped  from  a  Height. 

In  connection  with  this  "falling"  or  dropping  of  bodies  to  the 
surface' of  the  earth,  which  are  suspended — or,  say,  held  in  the  hands, 
for  example— a  very  generally  held  view  must  be  noticed  here,  and 
this  is  that  the  rate  of  descent,  or  the  velocity  with  which  the  body 
will  fall  to  the  surface  of  the  earth  when  let  go  by  the  hands,  i-* 
dependent  upon  the  weight.  Philosophers,  who  know  that  this  i^ 
not  so,  express  surprise  that  this  en*oneous  opinion  should  be  so 
general  that  it  may  be  said  to  be  the  universally  popular  one.  But 
a  little  common-sense  consideration  would  show  how  it  is  really  very 
natural.  Before  one  can  take  up  so  ks  to  suspend  bodies  in  the  aii*, 
or,  as  the  saying  is,  "  keep  them  up  above  the  ground,"  it  is  obvious 
that  they  must  be  lifted  from  the  earth  or  from  some  other  place  to 
the  point  or  height  at  which  they  are  held  in  the  hands,  or  sus- 
pended, to  use  the  ordinary  expression.  Now,  as  every  one  knows, 
and  but  too  painfully,  that  it  is  not  so  easy  to  lift  a  "  hundredweight " 
as  it  is  to  lift  a  "  quarter  "  or  a  "  56,"  and  that  the  time  taken  is  just 
so  much  the  longer  as  the  weight  is  heavier,  the  natural  deduction  is 
that  as  bodies  do  fall  when  let  go,  the  heavier  body  will  reach  the 
ground  sooner  than  the  lighter  one.  We  might  say  that,  as  a  rule, 
most  people  if  asked  would  admit  that  they  intuitively  felt  that  this 
must  be  so,  and  this  simply  from  the  general  experience  of  what 
weight  is ;  or,  as  they  might  put  it,  the  heavier  a  body  is,  the  readier 
it  is  to  fall.  We  do  not  at  present  enter  into  any  full  illustration  of 
this  point,  but  we  content  ourselves  with  the  simple  repetition  of  our 
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previous  assertion  that  this  popular  belief  is  erroneous,  and  that  the 
contrary  or  converse  is  the  truth — namely,  that  all  bodies,  irrespec- 
tive of  weight,  fall  with  the  same  velocity  to  the  surface  of  the  earth 
— ^a  mass  of  a  hundred  pounds  in  weight  equally  with  one  of  but  a 
pound.  Galileo's  experiment,  again  and  again  repeated,  of  dropping 
from  a  high  tower  two  balls,  one  twice  the  weight  of  the  other,  proved 
this.  It  is  therefore  quite  true  what  the  well-known  "  guess "  or 
"  riddle  "  involves,  that  a  pound  of  lead  would  fall  to  the  ground  in 
the  same  time  as  a  pound  of  feathers,  if  both  were  allowed  to  drop 
from  a  height  above  it  at  the  same  instant  of  time.  It  would  not 
be  so  under  ordinary  circumstances,  from  the  fact  that  the  feathers, 
offering  so  much  surface  to  the  air,  are  mechanically,  so  to  say,  kept 
up  by  it  and  prevented  from  falling  freely.  But  when  the  experi- 
ment is  made  in  a  vacuum,  thus  getting  rid  of  the  action  here 
named,  the  truth  of  the  above  statement  is  made  evident.  What 
may  be  called  the  mechanical  condition  of  bodies  has  therefore  in 
this  connection  always  to  be  considered.  A  sheet  of  paper  may  in 
point  of  fact  be  positively  prevented  from  falling,  if  left  free  in  the 
air,  suspended  or  kept  up  by  the  air  acting  on  its  large  surface.  If 
while  thus  suspended  we  could  conceive  of  some  agency  instantane- 
ously doubling  and  crumbling  up  the  sheet,  so  as  to  form  it  into  a 
compact  ball,  we  should  see  it  no  longer  kept  up  or  buoyed  up  by  the 
air  as  before.  Each  approach  to  a  compact  condition,  however  slight 
in  itself,  would  overcome  the  action  of  the  air  in  keeping  it  floating, 
and,  in  proportion,  enable  the  attraction  of  gravitation  to  act.  This 
looking  at  all  the  circumstances  of  the  condition  of  bodies  should  be 
part  of  the  mental  training  of  every  machinist ;  this  habit  and  all 
such  habits  of  thinking  are  valuable  to  him.  The  following  will  still 
further  tend  to  make  clear  the  above  point,  which  has  been,  and  is,  a 
puzzle  to  many  in  connection  with  the  falling  of  heavy  and  light 
bodies  freely  dropped  in  air.  When  the  velocities  of  two  falling 
bodies — such  as  a  feather,  and  a  ball  or  mass  of  lead — are  seen  to  be 
so  different  in  amount,  we  know  from  what  we  have  stated  that  it  is 
owing  not  to  the  difference  of  actual  weight,  but  of  mechanical  con- 
dition between  the  two,  offering  different  degrees  of  resistance  to  the 
air ;  and  that  in  a  vacuum  both  would  reach  the  bottom  of  their  drop 
or  fall  precisely  at  the  same  instant  of  time.  But  let  it  be  remem- 
bered that  gravity  draws  or  pulls — we  have  no  other  term  to  indicate 
the  effect — equally  at  each  atom,  and  must  overcome  its  natural 
inertia  equally  whether  it  is  alone  or  in  conjunction  with  other 
atoms.  And  in  the  case  of  two  heavy  bodies,  the  inertia  of  the 
heavier  body  takes  longer  time  to  overcome  than  that  of  the  lighter 
body,  so  that  its  velocity  of  descent  being  proportional  to  this,  is  just 
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the  same  as  the  lighter  body;  or  proportionately  greater  force  is 
required  to  set,  so  to  say,  the  heavier  body  in  motion  than  the  light. 
In  Gralileo's  celebrated  experiment  one  ball  was  just  twice  the  weight 
of  the  other,  and  according  to  the  schoolmen  of  the  time  it  ought  to 
have  fallen,  and  they  persisted  in  asserting  that  it  would  fall,  twice 
as  fast,  and  would  therefore  reach  the  ground  at  the  base  of  the 
tower  from  the  top  of  which  the  experiment  was  made  in  just  one- 
half  of  the  time  in  which  the  lighter  ball — of  half  the  weight — fell. 
Galileo  knew  that  his  reasoning  was  correct,  and  did  not  fear  to  put 
it  to  the  test — a  test  which  surprised  the  schoolmen.  This  celebrated 
experiment  is  worthy  of  note,  if  for  no  other  reason  than  that  its  era 
indicates  a  point  of  departure  in  the  physical  sciences  which  was  of 
the  highest  possible  importance.  The  schoolmen,  brought  up  on  the 
Aristotelian  system,  indulged  in  the  most  decided  of  assertions  ^and 
conjectures,  assuming  them  to  be  truths  and  facts  which  no  one  had 
the  right  to  dispute.  To  put  any  of  these  to  the  test  of  experiment 
and  trial  was  never  dreamed  of  by  them.  The  new  school  of  thought, 
of  which  Galileo  may  be  here  taken  as  the  founder  or  iSrst  expositor, 
made  experiment  of  essential  importance :  nothing  was  taken  for 
granted ;  everything  had  to  be  subjected  to  tests  and  trials.  The 
young  reader  should  take  note  of  the  point  here  named,  as  it 
involves  considerations  of  the  highest  importance. 

Action  6f  Gravitation  on  Ascending  Bodies,  or  Bodies  projected  Vertically 

into  the  Air. 

With  the  idea  of  the  action  of  attraction  of  gravitation,  or  the 
weight  of  a  body,  is  always  or  generally  in  the  popular  mind  asso- 
ciated the  act  of  falling  or  descending.  But  the  attraction  of  gravi- 
tation acts  also  in  the  case  of  the  opposite — ^namely,  in  the  rising  or 
ascent  of  bodies.  As  the  velocity  of  a  body  falling  increases  in  the 
ratio  of  the  time,  as  we  shall  presently  see  more  fully,  so  that  of  a 
body  thrown  or  shot  upwards  vertically  gradually  decreases  as  it  goes 
upward,  till  it  reaches  a  point  at  which  motion  ceases,  and  it  then  , 
begins  to  descend.  Now,  the  time  taken  to  reach  this  so-called 
stationary  point  in  its  upward  flight,  is  the  same  as  the  body  will 
take  to  fall  from  this  point  to  the  surface  of  the  earth  from  which 
the  body  was  shot  up  or  projected.  Strictly  speaking,  and  again  in 
consequence  of  what  we  may  once  more  call  the  mechanical  influence 
of  the  air,  this  is  not  absolutely  true, — the  resistance  offered  by  the 
air  retarding  the  ascent  and  descent, — but  in  the  case  of  heavy  bodies 
shot  up  to  comparatively  small  heights,  the  difference  caused  by  the 
resistance  of  the  air  is  practically  nothing. 
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Om  "  t««  ef  AUnetiM  •(  ftr.vi 
fVom  this  Uw  cotain  pcHnts  of  great  impmtanoe  to  the  machinist 
•re  dednced.  It  ouv  be  stated  thus :  that  the  fMt«  by  which  one 
body  is  attracted  by  anoth^  is  in  an  inrerae  tatio  to  the  equnres  of 
tlie  distaiMMS  between  the  centres  of  their  masses.  In  other  words, 
the  nearer  the  bodies  are,  the  greftt^-  the  aitnctioo,  and  this 
decreases  as  the  square  of  the  distance  by  which  they  are  separated. 
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FiR.  1. 
llins,  at  a  di^tamM-  of  ono  fiv>t  tho  8ttn«-lion  being  1,  at  two  feet  it 
is  not  doubled,  or  acta  diiwlly  on  tho  di»taiK<h  b«t  as  we  have  Eaid 
inT^rseJy,  so  that  th*  »(troction  is  only  one-fourth  as  stMong  ;  at 
three  feet>  one-ninth  ss  st(\»iij;  ;  at  four  f*»>t,  <m#-Kixt«entii.  Con- 
vwsdy.  at  half  th<'  dists«rt>  the  ntfraotion  is  four  times  as  strong, 
and  90  on,  A  praphic  ilhisi rali<in  of  (his  law,  whidi  is  that  regu- 
lating all  tho  iihi'Uiiiuott-t  (rf  known  foivtw  {woeeeding  from  a  giren 
centre,  is  givon  in  tij;.  I.  which  ivpn»S(-nts  how  the  inten^ty  of  a 
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light  a  h  decreases  as  the  square  of  the  distance  which  uny  surface 
lighted  by  it  increases.  Taking  the  decrease  of  the  intensity  to  be 
represented  by  the  surfaces  on  which  it  casts  a  shadow,  we  see  in  the 
figure  at  a  distance  of  one  foot  from  source  of  light,  as  at  c  c?,  the 
intensity  of  the  light  is  unity,  or  1  ;  at  e  y,  when  the  distance  is  two 
feet,  the  shadow  is  increased,  or  intensity  of  light  decreased,  so  that 
it  covers  four  squares  equal  to,  or  four  times  the  surface;  at  the 
point  hj,  distance  three  feet,  the  intensity  is  decreased  as  represented 
by  the  increased  surface  of  shadow,  now  nine  squares;  at  another 
foot  distance  the  shadow  is  increased  to  sixteen  squares,  so  that  the 
intensity  of  light  at  this  point  is  only  one-sixteenth  of  that  at  point 
d  e.  Conversely,  the  light  is  four  times  as  strong  if  the  distance 
between  d  e  and  this  last-named  point  be  halved,  as  at  the  point  ef. 

The  Law  regulating  <' Velocity"  of  Descending  Bodies. 

This  velocity  increases  simply  as  the  time.  That  the  velocity  of  a 
falling  body  does  keep  on  increasing  is  duly  illustrated  by  the  com- 
mon trick  of  catching  a  ball  dropped  from  a  hand  before  it  reaches 
the  ground  or  floor.  If  it  is  to  be  caught  at  all,  it  must  be  at  a 
point  but  a  very  short  distance  from  the  point  at  which  it  is  dropped ; 
for  if  allowed  to  go  but  a  little  farther,  its  velocity  will  be  so 
increased  that  the  hand  will  not  be  able  to  descend  quickly  enough 
to  reach  and  catch  it.  This  increase  in  velocity  as  time  is  thus  stated  : 
the  speed  in  falling  is  twice  as  great  in  two  seconds  as  that  in  one 
second ;  three  times  as  great  in  three  seconds  as  in  one,  and  so  on. 
The  velocity  acquired  by  a  body  by  the  force  of  gravitation  is  such, 
that  the  body  in  falling  from  a  height  is  carried  through  a  space 
equal  to  sixteen  feet,  discarding  fractions  (the  actual  height  being 
16*1 ),  in  the  first  second  of  time. 

The  accelerating  influence  of  gravitation  is  shown  in  the  increase 
of  velocity  in  the  division  of  the  first  second  :  thus  the  first  foot  of 
the  sixteen  feet  passed  through  in  this  second  takes  the  fourth  of 
that  second,  but  the  second  fourth  gives  a  velocity  equal  to  carrying 
the  body  not  through  one,  but  through  three  feet ;  the  third  fourth 
carries  it  through  five  feet ;  and  the  last  fourth  through  seven  feet. 
Adding  those  together,  we  have  1  +  3  +  5  +  7=16.  Taking  the 
times  in  units,  the  spaces  through  which  a  body  falls  in  a  number  of 
seconds  is  as  the  numbers  3,  5,  7,  9,  11,  etc.  Thus  the  space  fallen 
through  by  a  body  at  unity,  or  the  first  second,  being,  as  we  have 
seen,  sixteen  feet,  the  space  fallen  through  in  the  second  second  is 
forty-eight  feet,  16  X  3  =  48;  the  space  in  the  third  second  is 
eighty  feet,  16  x  5  =  80;  in  the  fourth  second  the  space  passed 
through  is  a  hundred  and  twelve,  16  x  7  =  112;  in  the  fifth  second 
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a  hundred  and  forty-four,  16  x  9  =  144  ;  and  in  the  sixth  second 
the  space  fallen  through  in  the  descent  of  the  body  is  a  hundred  and 
seventy-six,  16  x  11  =  176.  This  being,  as  we  have  seen,  in  the 
increasing  ratio  of  1,  3,  5,  etc.,  simply  for  each  unit — i.e,  each  second 
— of  increase  of  time,  the  multiplier  the  space  passed  through,  the 
other  factor  (16)  is  constant.  Taking  the  whole  distance  dropped, 
bodies  fall  through  a  height  of  16  feet  in  one  second.  Accurately 
the  distance  is  16*1  or  16  feet  and  an  inch;  64  (16  x  4)  feet  in  the 
two  seconds;  144  feet  (9  x  16)  in  three  seconds,  and  so  on,  the 
whole  drop  being  as  the  square  of  the  time. 

Flieiiomena  ooxmected  with  Falling  Bodies — Their  Velocity. 
But  "  velocity  "  in  a  falling  body  must  not  be  confounded  with 
the  spaces  or  distances  passed  through  in  certain  numbers  of  seconds, 
as  now  stated.  The  space  passed  through,  as  we  have  just  seen,  is 
sixteen  feet  in  the  first  second ;  but  the  velocity  due  to  or  acquired 
by  a  body  during  one  second,  if  from  the  attraction  of  the  earth  at 
its  surface — attraction  of  gravitation — is  such  that  the  velocity  main- 
tained at  a  uniform  rate  would  carry  it  over,  or  cause  it  to  traverse 
through  a  space,  without  any  further  force  of  gravity,  equal  to  thirty- 
two  feet  in  the  next  second  of  time.  But  while  this  is  the  velocity 
due  to  a  second  of  time,  it  is  likely  to  puzzle  the  young  mechanical 
student,  when  compared  with  the  statement  that  the  space  passed 
through  in  the  first  second  is  only  sixteen  feet ;  this  point,  with  some 
of  the  facts  which  flow  from  it,  will  be  made  clearer  when  we  have 
discussed  the  subject  of  a  succeeding  paragraph,  that  of  Inertia,  but 
the  apparent  contradiction  just  named  will  be  understood  by  these 
general  statements.  In  virtue  of  this  principle  of  inertia,  yet  to  be 
fully  described,  a  body  at  first  starting  into  motion,  caused  by  any 
external  force — in  the  present  instance  the  force  of  gravitation — has 
but  a  slow  motion  ;  but  inertia  being  overcome,  the  body  being  as  it 
were  left  free  to  receive  the  action  of  the  force,  produces  a  quicker 
and  still  a  quicker  motion  as  the  time  increases  during  which  the 
force  acts.  For  if  we  conceive  of  a  certain  amount  of  motion  being 
received  during  the  first  second  of  time,  it  does  not  lose  this  motion, 
but  retains  it,  so  that  the  motion  due  to  the  action  of  the  force  in 
the  second,  or  succeeding  "  second  of  time,"  has  this  first  motion 
added  to  it,  and  as  much  more  is  added  to  that  due  to  the  third 
second,  the  fourth  second  receiving  a  still  larger  amount.  So  that 
we  see  how  a  falling  body  is  receiving  each  successive  increment  of 
time,  fresh  supplies,  so  to  say,  of  velocity.  As  velocity  is  thus  there- 
fore gradually  acquired  or  obtained  through  the  acting  force  con- 
tinuing, it  so  results  that  during  the  first  second  of  a  falling  body's 
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descent,  the  body  has  only  half  of  the  velocity  due  to  a  second,  which 
full  amount  is,  as  we  have  seen,  thirty-two  feet  per  second.  And  it 
is  obvious  that  before  it  reaches  the  point  of  its  descent  correspond- 
ing to  half  the  second,  it  will  have  had  less  than  half,  just  as  after  it 
passes  the  point  of  half-second  and  goes  a  little  farther  on,  it  will 
have  more — the  result  of  the  two  being  that  it  falls  through  a  space 
of  not  thirty-two  feet,  but  only  half  of  this,  or  sixteen,  and  this 
although  the  velocity  due  to  the  one  second  is  thirty-two  feet.  But 
in  the  second  or  next  "  second "  of  time,  it  falls  through  the  whole 
thirty-two  feet,  as  the  velocity  of  sixteen  feet  is  doubled — the  velocity, ' 
as  we  have  seen,  of  a  falling  body  being  simply  as  the  time,  but  with 
the  addition  of  sixteen  feet,  or  the  renewed  or  continued  action  of 
gravitation ;  this,  it  will  be  perceived,  is  equal  in  all  to  forty-eight 
feet,  or  a  distance  "three"  times  as  great  as  in  the  first  second 
(16  X  3  =  48)  ;  so  that  at  the  end  of  the  second  "  second  "  of  time 
it  has  fallen  a  distance  four  times  as  great  (the  square  of  two, 
2  X  2  =  4),  as  in  the  first  second  :  namely,  the  first  "  second " 
sixteeu  feet,  the  second  "second"  thirty- two  feet,  with  the  new 
action  of  gravitation  sixteen  feet,  or  16  4-  32  -f  16  =  64.  Tracing 
further  the  course  of  the  falling  body,  we  have  at  the  beginning  of 
the  third  second,  a  doubled  velocity,  that  is  of  sixty-four  feet,  to  begin 
with,  which,  as  we  have  seen,  was  the  velocity  attained  at  the  end  of 
the  second  "  second  "  of  time ;  to  this  is  added  sixteen  feet,  as  the 
new  or  continued  action  of  gravitation  due  to  the  third  second, 
simply  considered  as  such  or  by  itself  alone :  those  two  added  together 
give  us  eighty  feet  fallen  through  by  the  end  of  the  third  second,  or 
five  times  as  far  as  the  first  "  second  "  of  time ;  and  to  this  is  added 
the  sixty-four  feet  due  to  its  doubled  velocity,  so  that  in  64  -f-  16  + 
64  =  144  we  have  the  distance  fallen  through  at  the  end  of  the  third 
second,  or  nine  times  as  far  as  the  body  fell  through  in  the  first 
second,  or  the  square  of  three.  At  the  end  of  the  third  second  we 
have  a  tripled  velocity,  or  ninety-six  feet :  the  fourth  second,  begin- 
ning with  this,  has  added  to  it  the  sixteen  feet  due  to  gravitation, 
which  gives  a  hundred  and  twelve  feet,  or  seven  times  as  great  a 
distance  for  the  body  to  fall  through  as  in  the  first  second  (16  X 
7  =  112) ;  and  at  the  end  of  the  fourth  second,  with  a  graduated 
velocity,  it  has  fallen  through  a  distance  sixteen  times  as  great  (or 
the  square  of  four)  as  the  first  second,  or  two  hundred  and  fifty-six 
feet.  In  the  numbers  placed  within  inverted  commas,  as  "  three  " 
and  "  five,"  we  have  the  ratios  of  time  to  space  elsewhere  noted. 

Accelerated  and  Betarded  Motioni.— Action  of  Grayitation  on  Bodies 

projected  Horizontally. 

In  a  preceding  paragraph  we  have  pointed  out  that  the  attraction 
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of  gravitation,  generally  associated  witli  that  of  the  descent  or  falling 
of  a  body  vertically  from  a  height,  which  is  a  "  motion  of  accelera- 
tion," acts  also  in  the  converse  direction,  which  is  a  "motion  of 
retardation";  both  of  those  mo- 
tions coming  under  the  class  of 
"  variable  "  motionR,  the  velocities, 
as  we  have  just  seen,  increasing  as 
the  time.  To  reach  a  certain  alti- 
tude on  being  shot  up  or  pi-opelled 
vertically  into  the  air,  a  body  must 
have  precisely  the  same  amount  of 
velocity  given  to  it  which  would 
be  due  to  the  same  body  if  it  were 
allowed  to  fall  from  the  Bame  alti- 
tude or  height.  Thus,  if  a  body 
in  reaching  the  groimd  had  a 
velocity  of  a  hundred  and  twelve 
feet,  this  body  would  have  to  be 
projected  or  shot  upwards  with  a 
precisely  similar  velocity  to  reach 
this  height.  Hence,  as  we  have 
Been,  the  time  taken  for  bodies  to 
ascend  and  descend,  to  rise  or  bo 
propelled,  and  to  fall  or  drop,  are 
equal — that  is,  discarding  or  keep- 
ing out  of  view  external,  or  as  we 
have  called  them  mechanical  or 
physical  circumstancee,  such  as  the 
effect  of  air  and  the  bulk  or  sur- 
face of  the  body.  The  same  law 
regulates  the  velocities  and  the 
times  of  bodies  projected  horizon- 
tally :  thus,  if  we  suppose  a  ball  to 
be  shot  from  a  cannon  placed  at 
the  top  of  a  tall  or  high  tower,  as 
a  in  fig.  2,  it  will  reach  the  ground 
at  the  same  time  as  another  ball 
simply  dropped  or  allowed  to  fall 
vertically  from  the  top,  as  from  a 
to  b.  Some  youthful  readers  may  have  a  difficulty  to  conceive  how 
this  should  be  so,  ae  they  are  apt  to  a^isociate  with  the  fact  of  a  long 
passage  through  the  air,  the  direction  of  which  is  chiefly  horizontal, 
a  leng^lt  of  time  gretjter  than  that  they  associate  with  the  shorter 
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height  of  the  tower,  this  being  small  as  compared  with  the  length  to 
which  the  ball  is  thrown  in  front  of  it.  But  a  little  consideration 
will  show  that  the  vertical  fall,  its  height,  and  the  velocity  of  the 
body  due  to  it,  must  be  that  which  decides  the  time  taken  by  the 
body,  the  projecting  force  acting  on  which  is  in  a  horizontal  direc- 
tion or  parallel  to  the  ground.  But  this  horizontal  direction  is  not 
maintained  by  the  body  and  its  forward  motion,  otherwise  it  would 
go  on  for  ever  keeping  parallel  to  the  ground,  or  after  reaching  a 
certain  point  in  this  parallel  course  it  would  at  that  particular  point 
drop  suddenly  to  the  ground.  Neither  of  those  two  courses,  which 
are  of  course  absurd  in  their  conception,  takes 'place.  For  the 
student  puzzled  with  the  statement  of  fact  that  the  times  for  the  two 
balls  to  reach  the  ground  are  the  same  has  but  to  recollect  that  the 
attraction  of  gravitation  at  every  point  on  the  path  of  the  body  shot 
or  projected  horizontally  is  acting  just  as  forcibly  as  it  is  in  the  case 
of  the  body  falling  vertically.  The  result  is  a  compromise,  to  use  a 
familiar  expression,  between  the  force  of  gravitation  pulling  as  it  were 
the  body  downwards,  as  in  the  direction  a  6,  fig.  2,  and  the  projecting 
force  tending  to  send  the  ball  in  the  horizontal  direction,  as  6  c ;  and 
this  gives  a  curved  line,  as  a  f  g  c.  Let  the  young  reader  who  has 
been  puzzled  at  the  statement  referred  to  above  conceive  the  points 
d  and  e  to  represent  the  seconds  in  falling  from  a  to  6,  the  point  a 
representing  1  or  "  unity."  If  lines  be  drawn  from  these  at  right 
angles  to  a  6,  they  will  give  points  in  the  curve,  as  f  and  ^,  which 
represent  the  same  times.  And  if  we  suppose  the  projecting  force 
sending  forward  the  cannon  ball  a  to  be  suddenly  stopped  at  the 
point  g,  gravitation  would  then  act  at  that  point  precisely  as  at 
point  e,  and  the  body  at  g  would  reach  the  ground  as  if  dropped  from 
By  with  the  velocity  due  to  it  from  the  height.  The  same  holds  true 
at  the  points  d  and  /:  h  and  c,  representing  the  termination  of  the 
path  of  the  two  balls,  are  dropped  from  the  point  a  to  6,  the  other 
hhot  forward  from  a  to  c.  The  line  or  path  of  a  body  projected 
horizontally  must  therefore,  as  a  resultant  of,  or  to  use  the  popular 
phrase,  a  compromise  between  the  force  of  propulsion  in  direction  a  c, 
fig.  2,  and  that  of  gravitation,  be  a  curve,  and  this  curve,  9Aaifg  c, 
is  that  known  as  the  "  parabola."  But  this  curve  is  modified  con- 
siderably under  certain  circumstances ;  as  in  the  flow  of  water 
issuing  in  a  horizontal  direction,  we  may  suppose  at  the  line  d  f^ 
from  an  aperture  in  the  vertical  side  of  a  tall  vessel  or  reservoir,  which 
we  may  suppose  to  be  represented  by  the  tower  a  in  ^^,  2.  This  is 
the  consequence  of  the  resistance  of  the  air  to  the  body  or  volume  of 
the  projected  water ;  and  it  may  here  be  stated,  that  the  theoretical 
calculations  of  the  effect  of  gravity  in  proportion  to  "head"  or  "  pres- 
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sure,"  this  being  in  proportion  to  depth  of  water  as  from  ^  to  h,  above 
point  hf  are  very  much  modified  by  cii'cumstances,  such  as  the  shape 
and  position  of  the  orifice  through  which  the  water  is  forced ;  thus 
the  conditions  of  flow  are  very  different  in  the  two  positions,  one  of 
which  is  a  simple  orifice  cut  in  the  side  of  the  vessel,  the  other  a 
curved  pipe  opening  outwards  like  a  trumpet  mouth.  The  flow  of 
water  under  pressure  from  orifices  or  pipes  of  different  form  or 
section  is  one  of  the  most  interesting  points  connected  with  hydraulics, 
and  may  be  noticed  in  a  future  part  of  this  work. 

Accelerated  Motion  dne  to  Gravity— Facts  connected  with  it 

Interesting  to  the  Mechanic. 

The  accelerated  motion  due  to  gravity,  or  in  other  words,  and  thase 
which  are  generally  used,  the  velocity  which  it  acquires,  receives 
some  curious  and  suggestive  illustrations  in  a  number  of  physical 
facts  interesting  to  the  machinist,  who  has  so  much  to  do  with 
motion.  The  one  perhaps  the  most  familiar  is  displayed  in  the 
rolling  of  a  heavy  stone  down  an  incline  or  the  foot  of  a  hill.  At 
first  the  speed  is  very  slow,  but  as  the  time  increases  the  speed 
increases,  till — if  the  length  of  its  course  be  great — at  last  it  may 
sweep  past  one  near  it  'SO  quickly  that  its  form  is  totally  indiscernible. 
A  falling  body  has  been  likened  by  a  well-known  writer  to  a  reservoir 
which  receives  every  succeeding  second  or  instant  of  time  a  fresh 
accession  of  speed  or  velocity ;  and  this  which  it  receives  it  retains, 
and  it  is  this  which  gives  the  continually  increasing  velocity.  For 
the  speed  which  it  receives  the  first  second,  say,  of  its  course  being 
retained,  is  added  to  that  it  receives  in  the  second  unit  of  time,  and 
those  two  accessions  of  velocity  being  retained  are  added  to  the  speed 
received  in  the  third,  and  so  on,  the  principle  of  which  has  been 
already  fully  explained.  This  acceleration  of  velocity  or  speed  in 
falling  or  descending  bodies  is  curiously  illustrated  in  the  case  of 
liquids.  Thus  when  a  liquid  falls  from  a  vessel  through  any  aperture 
giving  out  a  certain  section  of  flowing  stream,  this  section  is  not 
retained  throughout  the  whole  extent  of  "  drop  "  of  the  liquid — ^that 
is,  till  it  reaches  the  place  where  it  is  deposited ;  but  the  section  or 
bulk  of  the  descending  stream  gradually  diminishes,  the  velocity  at 
the  same  time  gradually  increasing,  so  that,  while  it  may  be  said 
that  as  the  diminishing  of  the  section  is  in  proportion  to  the  increase 
of  velocity,  so  the  increase  of  velocity  is  due  to  the  diminishing  of 
the  section,  the  former  of  those  two  statements  is  the  correct  one. 
This  is  illustrated  by  supposing  that  a  vessel  containing  liquid,  with 
an  aperture  in  the  bottom  giving  a  certain  section  to  the  affluent 
liquid,  is  placed  on  the  top  hi  a  tower.     The  section  or  bulk  of  the 
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liquid  at  the  place  where  it  issues  from  the  vessel  is  not  continued 
throughout  the  drop,  but  gradually  diminishes  as  the  liquid  recedes 
from  the  opening,  till  at  last,  if  the  height  be  great,  the  liquid  may 
reach  its  final  place  of  deposit  in  the  form  of  a  mere  thread.  If  a 
thickish  syrup  be  used,  and  it  be  poured  from  the  vessel  which 
contains  it,  the  ejffects  of  accelerated  speed  will  be  easily  traced  even 
with  small  heights.  Some  excellent  lessons  may  be  learned  by  the 
youthful  reader  in  this  subject  by  so  simple  a  method  as  this  of 
experimenting.  And  it  at  first  might  puzzle  youth,  that  the  thin 
thread,  so  to  call  it,  of  treacle  nearest  the  dish,  delivers  it  so  quickly 
that  it  is  capable  of  taking  up  and  disposing,  so  to  say,  of  the  thicker 
stream  where  it  passes  from  vessel  above.  This,  however,  will  be 
explained  by  a  close  examination  of  the  process.  This  diminution  of 
the  section  of  the  stream  of  a  falling  liquid  in  proportion  as  its 
velocity  increases  is  observable  in  the  escape  of  effluent  water  from 
a  vessel,  as  through  a  hole  near  the  bottom,  at  side,  of  a  tub  or 
deep  barrel;  the  full  "bore"  or  section  being  at  the  side  of  the 
barrel,  the  section  of  stream  gradually  diminishing  towards  the  place 
of  final  deposit,  as  the  ground,  in  front  of  it.  The  same  principle  is 
also  illustrated  in  water  flowing  over  the  top  of  a  weir,  or  the  edge 
of  the  embankment  of  a  reservoir  :  the  water  being  shed  over  this  is 
at  its  greatest  depth  just  as  it  flows  over,  and  has  its  velocity  slowest 
— so  slow  that  a  cork  may  float  quietly  to  the  very  edge, — increasing 
comparatively  at  a  slow  rate ;  but  at  a  distance  but  an  inch  or  two 
from  the  edge  is  carried  away  with  such  velocity  that  it  might  have 
been  shot  out  of  a  gun.  At  a  point  farther  from  the  edge  and 
lower  down  the  velocity  is  still  greater ;  and  greatest  of  all  near  the 
surface  of  the  water  below,  where  the  section  or  thickness  of  the 
water  shot  over  the  weir-edge  may  be  so  reduced  that  it  is  a  mere 
knife-edge  in  thickness.  The  principle  of  "retarded  motion"  we 
have  already  named  is  illustrated  conversely  to  the  above  in  the  case 
of  water  projected  by  pressure,  or  by  a  pump,  upwards  from  a  tube 
as  in  a  fountain,  or  from  the  jet  of  a  hose.  Here  the  section  of 
the  water  increases  as  it  goes  from  the  point  of  exit,  till  at  last  it 
may  be  said  to  be  without  section,  taking  the  form  of  mere  spray 
as  it  reaches  the  limit  of  its  ascent.  Where,  therefore,  a  solid  body 
of  water  possessing  a  somewhat  considerable  force  is  required  at  the 
point  of  delivery,  when  projected  from  a  pipe,  allowance  must  be 
made  for  the  extending  bulk  of  the  stream  as  the  velocity  diminishes. 

Some  Fraotioal  Points  ooxmected  with  Falling  Bodies. 
In  connection  with  the  subject  of  bodies  falling  freely  in  space — 
that  is,  when  fpr  example,  a  body,  as  a  ball,  is  dropped  from  a  high 
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to  a  low  level,  the  following  rules  will  be  useful.  This  action  comes 
under  the  head  of  an  unbalanced  "  effort,"  and  is  to  be  considered 
as  the  result  or  effect  of  a  uniform  accelerating  foi-ce,  the  unbalanced 
effort  being  represented  by  and  considered  only  as  the  body's  own 
weight  or  density  or  heaviness.  For  explanation  of  the  terms 
"effort,"  "unbalanced,"  "density"  or  "weight,"  see  paragraphs  in 
other  parts  of  this  paper.  (1)  In  the  case  of  a  body,  as  a  ball,  sup- 
posed as  above  to  be  dropped  from  a  height,  if  we  know  or  take  the 
"  time  "  in  seconds  during  which  it  falls  or  drops — that  is,  from  the 
time  it  leaves  its  position  of  rest,  as  the  hand,  at  the  height,  to  the 
time  when  it  reaches  the  ground  or  surface  on  which  it  falls  and 
comes  to  rest,  we  can  find  the  velocity  in  feet  per  second  which  the 
body  possesses  at  the  end  of  its  journey — that  is,  at  the  instant  it 
strikes  the  ground — by  "  multiplying  the  time  taken  in  the  drop  or 
fair  by  32*2."  (2)  The  converse  of  this — that  is,  to  ascertain  the 
extent  of  the  drop  or  the  vertical  height  or  distance  through  which 
the  body  falls — we  must  know  one  of  two  factors  or  elements :  either, 
first,  the  "  velocity  in  feet  per  second "  which  the  body  has  acquired 
at  the  moment  it  ceases  to  drop,  or  reaches  the  ground  or  surface ; 
or,  second,  the  "  time  in  seconds "  taken  for  the  completion  of  the 
drop.  If  we  have  the  latter  factor,  which  is  most  generally  that 
obtainable,  we  find  the  depth  of  the  drop  or  the  height  of  the  fall 
"in  feet"  by  multiplying  the  square  of  the  "time  in  seconds"  by 
16*1 — half  of  32-2  in  (1).  If  we  are  told  the  "velocity  in  feet  per 
second  "  acquired  by  the  body  at  the  time  its  drop  or  fall  is  completed, 
we  can  tell  the  distance  of  the  drop  in  feet  or  height  of  the  fall  by 
"  multiplying  the  time  in  seconds  by  half  the  velocity  in  feet  per 
second."  (3)  If  we  have  the  height  in  feet  of  a  given  fall  or  the 
depth  of  the  drop,  we  can  ascertain  the  time  in  seconds  which  will 
be  taken  to  complete  the  drop  from  a  state  of  rest  till  it  reaches  the 
ground  or  surface,  by  "  dividing  the  depth  of  drop  or  height  of  fall 
in  feet  by  16*1,  and  taking  the  square  root  of  the  quotient."  (4)  If 
we  have  the  height  of  the  fall,  or  the  depth  of  the  drop  in  feet,  we 
can  find  the  velocity  in  feet  per  second  which  the  body  falling  or 
dropped  acquires  at  the  time  it  reaches  the  ground  or  the  surface  by 
"  multiplying  the  height  of  the  fall  or  the  depth  of  the  drop  in  feet 
by  644  and  taking  the  square  root  of  the  quotient,"  or  we  can 
"  multiply  the  square  root  of  the  height  of  fall  or  depth  of  drop  in 
feet  by  8-025."  (5)  If  we  wish  to  know  what  is  the  height  of  fall 
a  body  should  have,  or  the  depth  through  which  it  should  drop,  in 
order  to  have  a  certain  velocity  in  feet  per  second  at  the  completion 
of  its  fall  or  drop — or  if  we  desire  that  a  body  should  have  a  certain 
velocity  at  the  time  it  reaches  the  ground  or  surface,  we  can  fijid  the 
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height  of  fall  or  depth  of  drop  which  will  give  it  that  velocity  by 
"dividing  the  square  of  the  velocity  in  feet  per  second  by  64*4." 
In  all  those  cases  the  velocity  acquired  by  a  body  dropping  a  certain 
number  of  feet  is  said'  technically  to  be  the  "  velocity  due  to  the 
given  height,"  just  as  the  depth  through  which  a  body  must  drop,  or 
the  height  from  which  it  should  fall  to  give  it  a  definite  or  required 
velocity,  is  said  to  be  "  the  height  due  to  the  given  velocity." 

The  Pendulum  a£fordin§^  in  its  Working  Examples  of  Accelerated  and 

Betarded  Motions. — Its  History. 

In  referring  to  certain  mechanical  applications  in  which  the  pen- 
dulum and  its  movements,  and  that  of  another  variety  of  motion 
known  as  centrifugal  force — which  will  be  explained  in  a  future 
paragraph-^are  concerned,  it  will  be  necessary  to  employ  certain 
terms  or  phrases  the  meaning  of  which  in  a  mechanical  sense  wo 
have  not  as  yet  explained,  nor  the  principles  they  involve  as  yet 
discussed.  These  will  engage  our  attention  chiefly  in  the  next  few 
paragraphs ;  but  meanwhile  they  may  be  employed,  and  so  that  they 
can  be  understood  in  the  special  reference  about  to  be  made  to  them. 
To  the  celebrated  Galileo  the  world  is  indebted  for  the  discovery  and 
the  enunciation  of  the  principles  of  this  most  valuable  apparatus. 

The  Pendulum  and  its  History. 
The  cathedral  of  Pisa,  in  Italy,  which  Gralileo  doubtless  often 
attended,  was  provided  with  large  chandeliers  suspended  by  long 
and  strong  cords  from  the  lofty  ceiling.  Under  various  influences — 
chiefly  that  of  draughts  or  currents  of  air,  the  strength  of  which,  as 
they  sweep  through  the  interior  of  the  grand  and  vast  cathedrals  of 
the  Continent,  many  of  our  readers  may  have  experienced  in  their 
travels — those  chandeliers  had  motion  given  to  them  as  they  were 
suspended.  Galileo  had  observed,  what  thousands  before  him  had 
seen  but  never  thought  of,  that  there  was  a  singular  degree  of 
uniformity  in  their  swing  or  sweep  as  they  slowly  went  in  one 
direction  and  returned  in  the  opposite.  Galileo  was  what  would 
nowadays  be  called  a  "  born  engineer,"  and  therefore  began  to  think 
about  what  he  had  thus  observed  :  the  result  of  his  thinking  was  the 
discovery  of  the  pendulum — a  discovery  of  which  it  is  quite  impossible 
to  overestimate  the  value  to  man.  A  pendulum  is,  as  every  one 
knows,  a  very  simple  apparatus  in  itself,  which  swings  to  and  fro  as 
it  is  hung  or  suspended  from  a  point.  Its  name  is  derived  from  the 
Latin  word  penduhis,  and  this  from  pendere,  to  swing. 

Uechanical  Principles  or  Features  of  the  Pendulum. 
It  is  in  the  peculiarities  of  the  **  swinging  "  that  the  value  of  the 
pendulum  as  applied  to  clocks  or  timekeepers,  and  all  its  modiflca- 


78.  THE  TfiCBNiCAL  STtJDENT*S   INTRODUCTION  TO  MECHANICS. 


tions  as  met  with  in  machinery,  lies.  Fig.  3  illustrates  its  general 
arrangement  and  those  peculiarities,  a  b  c  is  the  pendulum,  exhi- 
biting what  may  be  called  the  minimum  of  simplicity  of  mechanical 
combinations  and  constructions,  for  it  consists  simply,  generally,  of 
a  circular  weight,  a,  having  the  faces  carved  or  forming  parts  of  a 
sphere.  This  is  screwed  either  simply  on  to  the  end  of  a  rod,  b, 
or  a  small  nut,  c,  is  used  to  raise  or  lower  a.  This  is  suspended  at 
its  upper  extremity  to,  and  swings  upon,  a  rod  or  pin  at  rf— a  pretty 
fair  copy  of  the  suspended  chandelier  Galileo  had  observed  in  Pisa 
cathedral.  Supposing  the  pendulum  to  be  practically  constructed 
and  arranged  as  shown,  and  that  the  ball  or  weight  a  is  taken  hold 
of  and  carried  up  in  the  direction  of  the  arc  ef,  till  it  reaches  the 
point  /,  if  then  released  from  the  hand  the  ball  or  weight;  as  e,  will 
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Fig.  3. 

fall  or  descend  through  an  arc  of  a  circle  the  radius  of  which  isfg, 
till  it  reaches  the  point  e.  But  it  will  not  stop  here,  as  in  the 
first  instance,  when  it  was  at  rest.  In  accordance  with  the  laws  of 
attraction  of  gravitation,  already  explained  in  preceding  paragi-aphs, 
the  movement  from /to  e  imparts,  so  to  say,  a  constantly  increasing 
velocity,  and  this  velocity  in  conjunction  with  the  weight  of  the  ball 
gives  the  property  or  quality  known  as  "  momentum,"  yet  to  be  fully 
described  in  a  future  paragraph,  but  which  may  here  meanwhile  be 
defined  generally  as  a  force  or  power  which  enables  the  ball  at  c  to 
travel  up  the  hill,  so  to  call  it,  from  e  to  A,  in  opposition  to  the  force 
of  gravitation.  As  th©  motion  f rom  /  to  e  was  an  "accelerated" 
one,  so  that  from  e  to  A  is  a  "  retarded "  one,  so  that  on  reaching 
the  point  h  in  the  weight,  the  power  or  force  of  momentum  ceases, 
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and  the  attraction  of  gravitation  beginning  to  act,  the  ball  falls  from 
h  to  e  with  a  constantly  accelerated  motion,  and  the  force  or  power, 
so  here  to  call  it,  of  momentum,  sends  the  ball  "  up  the  hill,"  so  to 
pay,  from  e  to  the  same  point /as  before.  Theoretically  this  action 
would  go  on  constantly,  so  long  as  the  integrity  of  the  construction 
remained — as,  for  example,  till  this  was  destroyed  by  the  wearing 
out  and  giving  way  either  of  the  eye  of  rod  6,  or  of  the  rod  or  pin 
d,  on  which  it  is  suspended,  or  of  both.  But  practically  two  elements 
or  factors  in  the  calculation  come  into  play — namely,  first,  friction — 
at  this  very  point  of  contact  of  "  eye "  with  "  pin  "  d,  and  second, 
the  resistance  offered  by  the  air  as  the  ball  a  sweeps  to  and  fro 
through  the  paths  h  e,  ef,  and  per  contrd.  In  the  application  of 
the  pendulum  to  a  clock  these  two  factors  are  eliminated  or  piuc- 
tically  got  rid  of  by  employing  a  falling  weight ;  in  its  application 
to  a  timepiece  a  spring  is  used,  the  action  of  which  through  appro- 
priate mechanical  means  counterbalances  the  effect  of  friction  and 
of  air  resistance.  When  under  the  influence  of  a  falling  weight,  or 
a  spring,  the  extent  of  sweep,  as  from  e  to  A  in  fig.  3,  is  the  same 
as  that  of  the  sweep  from  e  to/;  but  where  a  pendulum  is  simply 
suspended  so  as  to  be  free  to  swing,  yet  only  when  under  an  extra- 
neous force,  as  the  impulse  of  the  hand — when  that  force  is  withdrawn, 
the  sweep  of  the  pendulum  weight  a,  or  "  bob  "  as  it  is  technically 
called,  becomes  less  and  less,  say  as  from  e  to/,  then  next  sweep  or 
swing  from  e  to  t,  then  from  e  to  J,  and  so  on,  till  in  time  it  comes 
to  rest,  hanging  as  at  c?  6  or  ^  6. 

Isochronous  Movements,  or  Equal  Beats  or  Swings,  or  in  Eqnal  Times,  a 

Feature  of  the  Pendulum. 

When  set  and  maintained  in  motion  the  vibrations,  or  "  beats  "  as 
they  are  technically  called,  are  all  equal  for  equal  times — for  that 
particular  length,  that  is,  whether  the  sweep  or  swing  or  the  arc 
through  which  it  moves  be  long,  as  e/,  fig.  3,  or  short,  as  ej.  It  is 
this  property  which  gives  to  the  pendulum  its  value  as  a  measurer 
and  registrar  of  time.  The  young  mechanical  student  may  have  at 
first  a  difficulty  to  see  how  the  time  taken  by  the  ball  or  weight  to 
fall  from /to  e,  which  we  suppose  to  be  twice  the  distance,  as  from 
e  to  jy  can  be  the  same  as  that  taken  in  falling  from  j  to  e.  The 
following  will  explain  how  this  is,  and  also  how  some  of  the  points 
are  applicable  to  practice  in  certain  classes  of  mechanical  design. 
Let  the  student  conceive  of  a  circle  as  a  polygon  with  an  indefinite 
number  of  sides,  each  of  which  is  a  straight  line — ^and  which  concep- 
tion is  scientifically  accurate:  he  will  see  that  the  larger  the  circle 
the  longer  must  be  the  straight  lines  which  form  the  sides  of  the 
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polygon,  and  that  at  any  point  in  its  circumference  the  circle  will 
approach  nearer  to  a  flat  surface  than  when  the  circle  is  small  in 
cii-cumference,  and  this  made  of  lines  which  are  therefore  shorter. 
A  straight -edge,  for  example,  laid  upon  the  surface  of  a  very  large 
globe,  the  periphery  or  outside  surface  of  which  is  of  course  a  circle, 
will  touch  the  globe  surface  for  a  considerable  part  of  its  length,  and 
his  touching  surface  will  be  reduced  in  proportion  as  the  side  of  the 
globe  is  diminished  or  its  periphery  reduced,  till  at  last  a  globe  will 
be  found  with  its  circle  so  small  that  the  straight-edge  will  touch  or 
rest  upon  the  surface  of  the  globe  at  a  single  point  only.  And  this 
the  reader  will  perceive  arises  from  the  fact  that  the  smaller  the 
circle  the  shorter  the  lines  of  the  polygon,  and  the  quicker  therefore 
do  they  turn  or  bend  away  from  each  other.     We  have  just  seen 
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Fig.  4. 

that  in  a  large  globe  or  circle  part  of  its  surface  is  flat,  or  nearly 
FO,  and  that  the  more  this  line  of  surface  is  extended,  or  the  further 
the  globe  is  gone  round,  the  steeper  becomes  the  curve;  in  other 
words,  the  point  a,  ^g,  4,  is  as  much  higher  above  b  as  the  point  d 
on  the  line  a  c  is  greater  than  d  e.  Simple  as  this  point  may  now 
appear  to  the  reader — too  simple,  as  some  may  think,  to  be  worth 
noticing  here — it  is  nevertheless  true  that  either  to  ignorance,  or 
forgetfulness  of  it  when  understood,  some  grave  errors  tending  to 
large  losses  have  been  made  in  machine  designing — as,  for  example, 
in  the  case  of  pulleys  and  driving  drums.  The  greater  the  arc,  then, 
as  5  a,  fig.  4,  through  which  the  pendulum  ball  b  sweeps,  and  the 
higher  the  points  terminating  it,  the  steeper  therefore  is  the  incline. 
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both  near  its  beginning,  as  at  a,  and  its  ending  at  the  point  /  on 

other  side  of  h  b,  corresponding  to  a ;  the  quicker,  therefore,  is  its 

'<  drop'' or  descent  from  a,  and  the  faster  it  moves  through  the  space. 

So  much  the  faster  in  proportion  as  the  length  of  its  sweep  is  greater, 

that  if  we  suppose  two  pendulum  balls  to  be  so  arranged  that  the 

ball  d  would  drop  from  point  d,  and  ball  a  from  point  a  precisely  at 

the  same  moment,  the  ball  a  would  from  its  steeper  or  higher  drop 

have  at  the  start  a  so  much  higher  velocity  given  to  it  as  compared  ; 

with  the  slow  start  of  the  lower  or  less  steep  drop  at  d,  that  the 

ball  a  would,  so  to  say,  overtake  the  ball  d  a.t  a,  point  below  d,  and 

that  it  would  arrive  at  b  at  the  same  time  as  that  from  d,  at  this 

the  lowest  point.     On  going  up  the  other  side  of  the  sweep  or  arc, 

the  ball  d,  which  started  from  the  point  d,  would  have  a  gradually 

retarded  motion  till  it  stopped  at  the  point  g,  corresponding  to  point 

d;  but  the  ball  from  a  would  go  up  to  the  pointy*,  corresponding 

to  a. 

Time  taken  by  the  Swings  or  Sweeps  of  a  Fendnlom,  or  the  Knmber  of 
Beats  in  a  given  Time,  dependent  npon  the  Length  of  the  Fendnlnm. 

The  above  is  true  when  pendulums  are  of  the  same  length,  no 
matter  what  the  length  of  the  arc  through  which  they  sweep,  for  the 
longer  the  arc  the  steeper  are  its  sides  or  the  higher  its  terminating 
points,  and  the  quicker  the  drop  or  descent  of  the  ball.  But  while  in 
such  cases  the  beats  or  the  extent  of  the  swings  of  the  pendulum  are 
equal  in  any  one  given  length  of  pendulum,  the  youthful  reader 
must  not  suppose  that  this  is  the  case  with  pendulums  of  different 
lengths  ;  he  must  bear  in  mind  the  distinction  between  the  times  due 
to  the  length  of  the  rod  of  the  pendulum,  as  h  b  (fig.  4),  this  length 
being  measured  from  the  centre,  b,  of  the  weight  or  ball  technically 
called,  as  we  have  said,  a  ^*  bob  "  at  a,  and  the  centre  of  suspension 
or  **  centre  of  oscillation,"  as  it  is  termed  the  eye,  at  h.  The  time 
taken  to  traverse  any  given  arc  is  dependent  upon  the  length  of  the 
rod.  The  larger  the  rod  the  slower  its  swing,  or  the  fewer  the 
number  of  *^  beats  "  in  a  given  time.  In  a  clock  each  beat  is  known 
as  a  ''  click,"  caused  by  the  movement  of  the  escapement  taking  into 
the  teeth  of  the  first-motion  wheel ;  and  to  beat  seconds — that  is,  to 
begin  and  complete  one  swing  exactly  in  one  second — the  rod  must 
be  thirty-nine  inches  and  one-eighth  long.  To  beat  half -seconds  the 
length  must  be  one-fourth  of  this,  or  say  nine  inches  and  three- 
quarters  ;  to  beat  what  are  called  double  seconds — that  is,  to  give  one 
beat  in  two  seconds,  the  pendulum  must  be  four  times  the  length. 

The  youthful  reader  may  here  again  be  at  first  puzzled  how  there 
should  be  this  great  difference  in  the  lengths  of  pendulums,  when 
there  is  so  little  difference  in  the  times  of  the  beats.     He  may 
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naturally  enough  suppose  that  a  pendulum  which  gives  one  beat 
every  second  would,  when  required  to  give  one  beat  in  two  seconds, 
be  half,  not  one-fourth,  as  long.  A  brief  inquiry  showing  how  this 
is,  will  be  valuable  as  bearing  not  only  upon  this  particular  point, 
but  on  others  as  regards  "  motion."  We  have  just  seen  that  as  the 
length  of  the  pendulum  rod  (technically  the  term  pendulum  is  used 
to  indicate  the  rod)  so  is  the  rate  of  its  vibration  or  beat,  and  the 
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Fig.  6. 


reason  why  a  long  pendulum  vibrates  more  slowly  than  a  short  one 
is  simply  this :  that  the  bob  a  of  the  long  pendulum  h  a  (fig.  5)  has  a 
longer  space  (as  a  c  or  a  c?)  to  traverse  than  the  "  bob  "  e  or  "  bob  "  i 
of  the  two  shorter  pendulums,  as/  e,  j  i,  which  have  only  to  traverse 
the  much  shorter  spaces  e  h,  e  g,  and  i  k,  i  I,  respectively.  The 
reader  may,  in  remembrance  of  what  was  said  a  few  sentences  back 
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in  connection  with  ^g,  4,  conceive  this  to  be  erroneous;  and  so  it 
would  be  if  with  the  longer  traverse  of  the  arc,  as  c  (2,  there  was  a 
proportionately  greater  steepness  in  it  than  in  the  arc  h  g  or  k  I. 
But  a  little  investigation  will  show  him  that  the  cases  SLsia/g  h  d  a 
(j^g.  4)  are  not  identical  with  those  in  c  d,  h  g,  and  k  I  (fig.  5).  If 
those  latter  arcs  were  continued  so  as  to  form  complete  circles,  the 
inner  circles  would  be  what  are  called  concentric,  being  described 
from  the  centre  m  (fig.  5),  common  to  them  all,  and  this  gives  at 
corresponding  points  of  the  arc  three  concentric  arcs,  mn  o,  p  q,  r  8^ 
the  inclinations  qa  n  ty  p  u,  r  v,  are  of  equal  angles,  each  being  at 
the  same  angle,  so  that  the  ''  steepness  "  is  the  same  in  all,  and  the 
rate  at  which  they  start  in  all  being  the  same,  the  only  difference 
\a  the  length  of  the  incline  or  drop,  n  t  being  so  much  longer  than 
p  u,  and  p  u  than  r  v,  Now,  we  have  seen  in  a  former  paragraph 
the  law  which  regulates  the  descent  of  falling  bodies ;  and  if  the 
reader  refer  to  this  he  will  see  how  a  body  falls  in  two  seconds  a 
distance  not  twice  hiU  four  times  as  gi'eat  as  that  of  a  body  in  one 
second :  hence  the  "  bob "  of  the  long  pendulum,  m  t,  fig.  5,  which 
we  suppose  to  beat  double  seconds,  must  be  four  times — not  twice — 
as  far  &om  the  centre  m  as  the  distance  of  the  bob  u  from  m,  which 
we  suppose  to  beat  "  seconds."  The  rods  of  pendulums  are  generally 
made  of  metal,  and  as  this  expands  or  contracts  according  to  varia- 
tions in  temperature  of  the  atmosphere,  however  accurately  propor- 
tionated at  first  to  give  definite  beats — ^the  seconds'  beat  being  what 
may  be  called  the  standard — this  length  will  change  or  vary  according 
to  the  thermometric  condition  of  the  atmosphere.  In  ordinary 
clocks  a  method  is  provided  of  adjusting  the  length  of  the  pendulum 
so  as  to  compensate  for  contraction  or  expansion  of  the  metal  of  the 
rod,  by  terminating  this  with  a  screw,  and  providing  it  with  a  small 
nut,  c,  fig.  3  (ante),  on  which  the  lower  part  of  the  bob,  6,  rests.  By 
raising  this  nut  the  bob  is  raised,  and  its  centre  carried  of  course 
nearer  the  *' centre  of  oscillation."  This  shortens  the  pendulum,  so 
that  it  gives  a  quicker  beat  than  before  the  alteration;  and  this 
makes  the  clock,  for  example,  go  quicker.  The  converse  of  this  gives 
a  slower  *'  rate  "  to  the  clock  by  lengthening  the  pendulum — ^that  is, 
by  dropping  the  nut.  A  great  variety  of  what  are  called  '^  compen- 
sating pendulums  "  have  been  from  time  to  time  introduced,  some  of 
1^hem  of  a  most  elaborate  and  ingenious  character.  In  all  the  prin- 
ciple is  this :  that  different  materials  are  employed,  each  of  which  has 
its  own  special  rate  of  contraction  and  expansion  under  a  rise  or 
fall  of  temperature,  and  these  are  so  arranged  in  connection  with  the 
suspending  rod  of  the  pendulum  that  they,  counteracting  each  other 
in  due  proportion,  give  to  this  suspending  rod  what  may  be  called  a 
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neutral  condition^  so  that  it  remains  always  at  one  nniform  leDgth, 
therefore  there  is  no  variation  in  the  time  of  its  heat;  if  set  for 
seconds  it  keeps  heating  seconds  in  all  climates  and  changes  of 
temperature.  We  have  given  certain  lengths  of  pendulums  as  giving 
certain  heats ;  to  find  other  lengths  the  following  rule  may  he  em- 
ployed. Put  in  another  way,  the  times  in  which  a  pendulum  vihrates 
or  heats  are  as  the  square  root  of  its  length;  and  the  numher  of 
vibrations  in  a  given  time — as  a  second,  the  usual  standard,  is 
inversely  as  the  square  root  of  the  length.  We  have  seen  that  a 
pendulum  to  heat  seconds  must  be  39|^  inches  long,  represented  by  t  : 
to  beat  in  any  required  ratio  to  this  number  of  beats  in  a  minute, 
namely  60 — as,  say,  to  beat  one-third  more,  or  80 — taking  x  to  repre- 
sent the  rates  required  or  increasecl  number  of  beats,  we  have  the 
formula  or  proportion  :  As  the  square  root  of  t  is  to  the  square  root 
of  a?,  so  is  the  number  of  beats  required  to  the  standard  beats  of  60. 

The  application  of  the  points  connected  with  the  operation  of  the 
pendulum  to  various  mechanical  movements  might  be  noticed  here  in 
extenso.  We  have,  however,  space  to  notice  one  or  two  only.  We 
do  not  here  do  more  than  very  briefly  refer  to  the  use  of  the  pendu- 
lum as  a  measure  of  time,  although  in  this  aspect  it  has  been  of 
such  vast  service  to  mankind  that  it  is  practically  impossible  to  over- 
estimate its  benefits.  But  the  application  of  the  principle  of  the 
pendulum  to  what  we  call  clocks  was  in  itself  a  remarkable  example 
of  mechanical  ability ;  and  although  we  do  not  usually  consider  the . 
clock  as  a  machine — at  least,  that  is  not  the  popular  conception  of  it 
— it  is,  notwithstanding,  a  machine,  and  moreover  a  very  beautiful 
one,  in  which  there  is  a  perfect  mechanical  relation  of  all  the  parts 
one  to  another ;  and  accurate  movement  of  time-registering  can  be 
easily  traced  back  to  the  primary  source  of  synchronous -or  equal 
movements  of  the  pendulum,  in  which  all  the  swings,  no  matter 
whether  those  be  short  or  long  in  extent,  are  taken  in  the  same 
period  of  time.  But  the  application  of  the  principle  of  the  pendulum 
to  the  watch  or  small  timepiece — to  neither  of  which  was  the  pendu- 
lum with  its  "  bob  "  and  rod  applicable — through  the  medium  of  the 
spring  and  the  balance-wheel,  was  also  a  fine  example  of  ability  in 
applying  a  principle  mechanically.  For  although  the  student  may 
not  at  first  sight  see  the  connection  between  a  pendulum  of  an  eight- 
day  clock,  for  example,  which  takes  up  great  space,  and  the  spring 
and  balance-wheel  of  the  watch,  which  take  up  so  little  that  it  may 
be,  nay,  as  it  has  been,  made  but  little  larger  than  a  pea,  yet  the  two 
mechanical  contrivances  are  the  same  in  principle :  the  bob  of  the 
pendulum  falls  to  its  centre  through  gravitation,  or  it  may  be  said  to 
be  pulled  towards  it. 
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The  spring  of  a  watch  and  the  penduhim  of  a  clock  depend  upon 
the  same  principle ;  and  that  as  the  hob  of  the  pendulum  falls  to  its 
centre  through  gravitation,  or  is  pulled  towards  it,  so  the  spring 
of  the  watch  takes  the  place  and  gives  (so  to  say)  the  power  of  gravi- 
tation ;  and  as  by  this  the  accelerated  speed  of  the  bob,  drawn  down 
(so  to  say)  to  the  centre,  which  virtually  is  the  centre  of  rest,  as  in 
the  case  of  a  pendulum  which  has  ceased  to  move  or  swing,  carries 
it  beyond  it,  so  the  spring  which  gives  the  moving  force  to  the 
balance,  and  sends  it  so  far  past  the  centre  through  the  force  stored 
up  in  it,  brings  it  back  again  through  the  action  of  its  own  little  or 
hair  spring.  And  thus  the  balance-wheel,  as  may  be  seen  by  examin- 
ing a  watch  in  movement,  is  found  to  vibrate  or  oscillate  on  its 
centre  alternately  to  and  fro,  and  its  vibrations  or  "  beats  "  are  all 
taken  or  given  in  the  sa^le  instants  of  time.  And  any  one  possessed 
of  an  accurate  ear  can  easily  tell,  by  listening  for  some  time  to  the 
beats  of  a  watch,  by  those  being  "synchronous"  or  otherwise,  whether 
the  watch  is  in  good  order  or  the  reverse. 

But  although  the  principle  of  the  pendulum  receives  its  most  strik- 
ing and  practically  useful  exemplification,  and  in  its  ordinary  form 
of  rod  and  bob,  in  the  mechanism  of  the  clock,  it  has  been  applied, 
although  in  less  important  manifestations,  in  larger  mechanisms. 
Although  the  ordinary  steam-engine  "  governor "  depends  for  its 
action  also  upon  another  principle  or  law — namely,  that  of  "  centri- 
fugal force,*'  hereafter  to  be  explained — and  this  therefore  takes  it 
away  from  being  strictly  an  example  of  the  pendulum  principle,  which 
many  conceive  and  state  the  steam-engine  "governor"  to  be;  never- 
theless it  is  true  that  the  ordinary  governor,  illustrated  in  the  papers 
under  the  title  of  "  The  Steam  Engine  User,"  is  in  one  sense  a  pen- 
dulum, in  so  far  that  when  the  centrifugal  force,  which  drives,  so  to 
say,  the  balls  from  the  centre  of  rest,  ceases  to  act,  or  lessens  in 
degree,  the  falling  of  the  balls  towards  the  centre  is  brought  about 
by  the  action  of  the  law  of  gravitation,  which  gives  also  the  pheno- 
menon of  the  pendulum  oif  of  the  suspended  plummet.  But  in  the 
case  of  the  governor  the  force  stored  up  in  the  descending  balls  is 
not  allowed  to  carry  them  so  far  in  the  opposite  direction,  the  very 
nature  of  the  contrivance  demanding  a  prevention  of  this.  The  rise 
or  motion  outwards  from  the  centre  of  rest  caused  by  the  centrifugal 
force  generated  by  the  rapid  rotation  of  the  central  spindle  to  which 
the  balls  are  by  their  jointed  rods  connected,  and  the  fall  or  motion 
inwards  to  the  centre  of  rest  caused  by  the  force  of  gravitation,  are 
in  the  most  ingenious  manner  (elsewhere  in  another  paper  illustrated) 
availed  of  by  the  machinist,  and  made  or  compelled  to  do  good  service 
— to  put  it  more  correctly,  to  insure  that  uniformity  of  speed,  or  of 
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its  working,  which  is  essential  to  the  due  performance  of  the  work  of 
the  various  machines  which  the  engine  drives.  The  great  defect  of 
the  pendulum  governor  is  its  want  of  sensitiveness,  or  that  peculiarity 
which  would  enable  it  to  transmit,  so  to  say,  its  controlling  or  regu- 
lating power  to  the  engine ;  or  conversely,  which  would  enable  the 
engine  to  affect  the  governor  immediately  on  the  change  in  the 
conditions  of  speed.  To  gain  this  sensitiveness — which  the  old  or 
ordinary  form  of  governor  lacks  through  the  fact  that  a  certain  time 
is  required  for  its  changes  in  position  to  take  place — and  to  make  the 
governor  act,  if  not  positively  coincident  with  the  cause  which  neces- 
sitates action,  at  least  as  quickly  as  possible  after  it  begins  to  operate, 
a  very  large  number  of  govemora  have  been  invented.  The  majority 
of  these  have  been  on  the  principle  of  the  pendulum,  or  rather  on 
the  combined  principle  of  centrifugal  force  and  gravitation  force,  with 
added  mechanical  contrivances,  such  as  springs,  heavy  weights,  etc. 
But  although  some  of  those  forms  have  been  used,  the  great  majority 
of  steam  engines  are  still  regulated  by  the  old-fashioned  water-wheel 
governor,  the  contrivance  having  been  adapted  for  and  applied  to 
that  motor  long  before  the  steam  engine  supplemented,  as  a  rule 
with  few  exceptions,  the  older  motive  power. 

Swinging  or  Pendnlom  Hotion,  exemplified  in  Certain  Glasses  of  Machines. — 

Defects  of  Certain  Adaptations. 

In  industrial  machines  "  swinging "  motions  or  movements  are 
frequently  required,  and  all  act  on  the  principle  of  the  pendulum ; 
and  the  accuracy  of  the  results  obtained  in  the  working  of  the 
machine,  or  this  part  of  it,  depends  upon  the  way  in  which  the 
principle  is  applied.  And  it  may  be  questioned,  in  many  cases  in 
which  swinging  motions  are  used,  whether  the  adjustment  of  the 
parts  is  made  with  due  relation  to  the  principle  of  the  movement. 
In  many  cases,  indeed,  it  is  not  far  from  the  truth  that  those  who 
use  these  swinging  movements  are  not  even  aware  that  they  do 
depend  upon  and  are  in  fact  exemplifications  of  the  principle  of  the 
pendulum.  In  the  portable  threshing  machine  the  principle  of  the 
pendulum  is  exemplified  in  the  straw  shakers,  which  perform  the 
office  of  carrying  forward  the  threshed  straw  from  the  beater  drum 
to  the  free  delivery  end  of  the  machine ;  and  at  the  same  time  act, 
so  to  say,  as  sieves — the  grain  which  has  not  been  threshed  out  by 
the  beaters  being  shaken  out  by  the  motion  of  the  straw  shakers,  as 
are  also  the  short  lengths  of  straw,  etc.  (See  the  series  of  papers 
"  The  Agricultural  'Implement  Maker.")  It  is  but  too  well  known 
that,  with  all  its  admirable  working  capabilities,  the  portable  thresh- 
ing machine  is  a  most  wasteful  user  or  absorber  of  power,  the  mere 
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driving  of  the  machine  empty  taking  an  enormous  percentage  of  the 
effective  driving  power^.  The  cause  for  this  has  been,  as  may  be 
easily  guessed,  most  anxiously  looked  for  by  machinists,  but  it  has 
not  yet  been  discovered.  At  the  discussion  which  followed  the  read- 
ing of  a  paper  on  threshing  machines  by  Mr.  Worby  before  the 
"  Institution  of  Mechanical  Engineers/'  some  remarks  were  made  by 
the  well-known  mechanical  authority  Mr.  Vaughan  Prendred,  refer- 
ring specially  to  the  subject  of  straw  shakers  in  relation  to  this 
pendulum  action,  which  are  worthy  the  attention  of  our  readers 
interested  in  this  class  of  machinery.  And  possibly  the  reader  may 
conclude  from  what  he  there  peruses,  that  if  more  attention  had  been 
paid  to  this  action  of  the  straw  shakers,  and  the  parts  duly  propor- 
tioned to  and  in  accordance  with  the  law  or  principle  of  the  pendulum, 
some  of  the  power  which  is  so  largely  lost  in  the  working  of  thresh- 
ing machines  might  have  been  saved.  It  is  not  too  much  to  say, 
that  amongst  the  earliest  makers  it  is  questionable  whether  the  fact 
was  at  all  known  to  them  that  the  really  ingenious  straw-shaker 
movement  was  dependent  upon  this  principle,  and  indeed  a  practical 
exemplification  of  the  pendulum  law.  The  instances  are  numerous 
in  which  machinists  exceedingly  clever  in  making  mechanical  combi- 
nations giving  very  beautiful  motions  do  bring  out  contrivances,  yet 
all  the  while  are  profoundly  ignorant  of  the  law  which  they  illustrate 
— ignorant  or  careless  of  the  fact,  indeed,  that  they  illustrate  any  law 
at  all.  But  with  all  the  ingenuity  of  those  movements,  it  often 
happens  that  there  are  grave  defects  which  would  not  exist  if  the 
machinists  had  known  the  law  upon  which  they  depended.  It  is 
only  by  understanding  the  true  point  that  errors  are  got  rid  of. 
In  examining  the  wide  and  ever  increasing  range  of  machines,  the 
reader  will  find  many  exemplifications  of  the  pendulum  principle,  or 
may  have  occasion  himself  to  adapt  it  to  some  mechanism  of  his  own: 
If  so,  he  will  be  all  the  more  likely  to  make  that  adaptation  perfect 
if  he  studies  closely  the  phenomena  of  pendulum  action,  and  the  law 
or  rule  deduced  from  these. 

I^otion  of  Bodies  down  Inclined  Surfaces. 
The  fall  or  drop,  or  to  use  the  popular  expression,  the  "  rolling  " 
or  "sliding"  of  a  body  down  an  "inclined  plane,"  is  governed  by 
the  same  laws  as  those  which  govern  the  fall  of  bodies  falling  freely 
from  a  height.  The  results  practically  are,  of  course,  affected  by 
friction  and  certain  mechanical  considerations,  which  in  calculations 
must  be  taken  into  account.  Neglecting  those  influences,  the  time 
which  a  body  takes  to  roll  down  the  full  height  of  an  inclined  plane 
is  in  the  proportion  of  the  length  of  the  plane  to  its  vertical  height 
at  its  upper  or  higher  end,  or  what  would  be  the  extent  of  fall  of 
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the  body  if  allowed  to  drop  and  descend  freely.  The  velocity  of  the 
body  down  the  plane  is  to  the  velocity  due  to  a  free  descent  of  the 
same  height  as  the  length  of  the  surface  of  the  inclined  plane  is  to 
its  height — t.e.,  at  the  higher  end.  The  velocity  of  the  body  down 
the  inclined  plane  is  therefore  equal  to  that  with  which  the  body 
would  fall  if  allowed  to  drop  freely  from  the  same  height^  and  it 
reaches  the  end  of  the  inclined  plane  with  pi'ecisely  the  same  velocity 
as  would  be  attained  by  a  body  falling  freely  from  the  same  height 
on  reaching  the  ground  or  level  of  the  lowest  point  of  inclined  plane. 
The  times  taken  for  the  descent  are  as  the  velocities ;  and  the  spaces 
through  which  the  body  passes  are  as  the  squares  of  the  times. 

Inertia  an  Important  Proporty  in,  or  Charaoteriftio  of,  Bodiei,  Bnbitances, 
or  Masses  of  Material.— Definition  of  the  Term. 

With  weight,  or  the  heaviness  of  a  body,  or  its  gravity,  the  mind 
always  associates  the  idea  either  of  an  ease  in  moving,  or,  in  the 
converse,  a  difficulty  to  move  a  body,  or,  in  other  words,  to  set  it  in 
motion.  This  motion,  or  change  in  the  place  it  at  the  time  occupies, 
every  one  knows  intuitively  must  be  produced  by  force  of  some  kind, 
or  power  as  it  is  often  designated  popularly;  and  this  he  knows  wiU 
require  to  be  great  just  in  proportion  to  the  weight  of  the  body,  as 
he  also  knows  intuitively  that  it  will  be  easier  for  him  to  lift,  or  to 
move  along,  a  light,  or  what  he  considers  to  be  a  light,  body  or 
object  than  a  heavy  one.  This  mental. conception  as  to  weight  increas- 
ing the  difficulty  to  move  an  object  or  set  it  in  motion,  together 
with  an  infinite  variety  of  circumstances  which  he  sees  around  him 
every  day,  convey  to  the  ordinary,  or,  as  we  may  say,  to  the  unedu- 
cated, mind,  this  other  conception,  which  he  at  once  decides  to  be 
the  true  statement  of  what  he  might  call  the  natural  fact — namely, 
that  the  natural  condition  of  bodies,  or  of  masses  of  matter,  is  that 
state  which  is  so  universally  known  as  "  rest,"  or  a  continuance  in 
the  same  position  it  occupies  or  is  made  to  occupy.  While  one  of 
this  class  has  no  difficulty  in  imderstanding  that,  before  a  body  can 
be  set  in  motion,  some  force  or  power  must  be  used  and  applied  to  it, 
as  no  body,  he  well  knows,  can  begin  to  move  of  itself  only,  yet  he 
might,  and  very  likely  would,  have  a  difficulty  to  understand  how  it 
is  that  when  a  body  is  set  in  motion,  it  has  no  power,  or  rather  no 
capability,  in  itself  to  cause  this  motion  to  cease,  and  so  to  stop  itself, 
and  that  unless  something  intervenes,  or  some  force  comes  into  exist- 
ence, the  body  will  continue  to  keep  in  motion.  Thus,  while  it  is 
quite  true  that  a  body  would  continue  in  a  condition  or  state  of  per- 
petual rest — that  is,  remain  in  the  same  place  without  changing  it  in 
the  slightest  degree — if  no  force  external  to  it  or  power  was  applied, 
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it  is  equally  true  that,  once  set  in  motion  by  a  force,  it  would  con- 
tinue in  a  state  or  condition  of  perpetual  motion,  unless  the  original 
force,  or  some  other  force,  was  applied  in  order  to  stop  it.  Motion, 
therefore,  is  as  natural  a  condition  of  matter  or  of  bodies  as  rest ; 
and  whether  the  one  condition  or  the  other  exists,  or  is  continued, 
depends  entirely  upon  the  action  of  something  outside  of  or  external 
to  it ;  and  this,  whatever  be  the  source  of  it,  we  call  force,  whatever 
that  force  may  be.  That  which  determines  the  continuance  of  a 
body  in  a  state  of  rest,  or  if  it  be  in  motion  the  continuance  of  that 
motion,  may  itself  be,  and  often  is,  called  a  force — that  is,  the  *'  force 
of  inertia."  We  shall  see  presently  that  this  term,  "  force  of  inertia," 
gives  rise  to  false  conceptions  of  what  inertia  is,  and  how  it  acts, 
which  have  hindered  more  or  less  mechanical  progress  with  many, 
and  given  rise  not  seldom  to  grave  errors  in  practice.  The  impor- 
tant  points  dependent  upon  or  raised  by  this  generally  received 
definition  of  inertia  will  be  gone  into  in  a  future  paragraph,  when 
we  come  to  consider  the  term  "  vis  inertiaj*  freely  translated  as  above 
in  the  term  "force  of  motion,"  so  often  and  so  erroneously  used. 
But  as  any  force  by  which  man  sets  a  body  in  motion  is  adapted  by 
or  created,  so  to  say,  by  him — ^as  he  adapts  the  force  of  falling  water, 
of  rushing  wind,  or  creates  a  force  by  boiling  water  and  raising 
steam — and  as  these  adaptations  must  be  special,  we  see  another 
reason  why  the  popular  mind  associates  with  all  bodies  the  idea  that 
their  natural  condition  is  that  of  "  rest,"  and  it  is  this  which  seems 
to  have  given  the  very  name  to  the  law  of  the  force  we  have  just 
named  that  of  inertia.  The  name  is  derived  from  the  Latin  iners^ 
inertis,  and  those  from  in,  and  ars,  art,  signifying  something  apart 
from  power  or  force,  which  art  is.  So  that  when  we  speak  of  an 
inert  body  or  of  inert  matter,  we  mean  to  convey  the  idea  that  it  is 
destitute  of  the  power  of  moving,  or  that  is  difficult  to  move,  it 
being  at  rest.  Now,  the  reader  will  see  that  the  term  inertia,  thus 
derived,  involves  only  the  idea  of  a  body  at  rest,  and  its  tendency  to 
remain  in  this  condition,  and  takes  no  cognisance  of  the  converse  or 
opposite  condition,  in  which  motion  is  supposed  to  be  the  condition 
of  the  body.  The  force  which  causes  or  influences  the  continuance 
of  this  motion  in  the  science  of  mechanics  is  known  by  another  name, 
which  is  described  and  discussed  in  a  future  paragraph. 

LrroneouB  Conceptions  of  the  Property  or  Characteristic  of  Bodies  known  as 
Inertia  arising  from  its  General  or  Popular  Definitions. — Proposed  Accu- 
rate Definitions. 
It  is  therefore  a  matter  of  some  regret  that  the  term  "  inertia," 
which   designates  alike  the  force  which  enables  bodies  at  rest  to 
resist  being  set  in  motion,  and  bodies  in  motion  to  be  made  to  be  at 
rest,  should  be  such  that  in  its  real  meaning,  and  also  (which  is  more 
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to  the  purpose)  its  popularly,  we  may  say  universally,  received  mean- 
ing, denotes  or  conveys  the  idea  of  rest  only,  or,  as  is  popularly 
expressed,  of  *^  inert "  matter. 

As,  therefore,  **  inertia,''  or  the  law  of  inertia,  is  confounded,  and 
is  almost  in  all  cases  popularly  seen  to  be,  with  the  word  or  term 
**  inert/'  two  totally  different  things,  some  authorities  have  proposed 
to  designate  the  law  or  state  of  inertia  by  the  word  ^'  obstinacy  " — 
the  **  law  of  obstinacy  of  matter."  Let  us  again  look  at  the  inner 
meaning  of  this  word.  It  is  derived  from  the  Latin  obstinare,  and 
this  from  ohstare,  signifying  to  "stand  before."  The  student  will 
thus  perceive  how  much  more  definitely  and  precisely  the  term 
"  obstinacy  of  matter"  explains  the  law  we  are  now  conf^idering  than 
the  term  "  inertia."  For  matter,  or  a  body  in  its  two  conditions  of 
rest  and  motion,  has,  as  it  were,  a  power  or  force,  or  a  something 
which  '^  stands  before  "  a  body,  either  to  make  a  body  at  rest  change 
its  condition  into  that  of  motion,  or  the  opposite — namely,  to  change 
the  condition  of  a  body  in  motion  to  that  of  rest.  The  inertia  (to 
use  the  received  term)  of  a  body  may,  therefore,  be  said  to  be  the 
*^  persisting  "  of  a  body  to  remain  either  at  rest  or  in  motion.  And 
this  term  "persisting"  is  generally  understood  to  be  synonymous 
with  obstinacy,  and  the  derivation  of  the  word  itself  throws  further 
light  on  the  point.  "Persist"  is  derived  from  the  Latin  word 
persistere,  and  this  from  per,  by  or  through,  and  sistere,  to  cause  to 
stand  or  remain  fixed,  and  this  last  from  the  word  stare,  to  stand ; 
literally,  therefore,  to  "persist"  is  to  stand  by  and  not  to  leave  a 
thing  to  itself. 

There  is  a  French  definition  of  inertia  in  which  a  word  is  used 
which  gives  perhaps  a  better  conception  of  what  the  condition  is  than 
even  the  word  obstinacy.  This  French  word  is  "  indifference,"  which 
in  that  language  and  in  ours  is  spelt  in  the  same  way,  and  means 
precisely  the  same  thing.  French  scientists  define  inertia  still,  how- 
ever, using  almost  the  identical  term  to  denote  this  condition ;  the 
word  in  French  being  the  same  as  ours,  except  that  it  is  spelt  with  a 
final  "e"  instead  of  an  "a"  as  with  us — thus,  inertie.  Inertia,  there 
fore,  under  this  French  definition,  is  the  indifference  of  matter  either 
to  a  state  of  rest  or  a  state  of  motion.  That  is,  that  when  at  rest  it 
will  persist  — here  the  definition  uses  the  very  word  we  have  done, 
persistere,  to  persist — in  that  state  till  a  cause  external  to  it  moves  it 
or  puts  it  in  motion ;  or,  if  it  be  in  motion,  it  will  "  persist  in  that 
motion  till  a  cause  external  to  it  stops  it. 

lUnBtratioxiB  of  the  <* Inertia"  or  *< Indifference,"  the  " Obstinacy *' or  <<Fer- 
sisteney,"  of  Hatter  to  remain  in  One  Condition,  whether  that  be  of  Best 
or  of  Motion. 

Every  one  knows  the  result  of  the  common  "  trick,"  as  it  is  called 
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(although  every  one  does  not  know  the  reason  or  cause  of  it),  in 
which  a  coin  being  placed  in  the  centre  of  a  card,  and  this  placed 
upon  the  top  of  the  finger  of  one  hand,  and  a  fillip  or  smart  stroke 
given  to  it  by  the  finger  of  the  other  hand,  the  card  is  seen  to  fly 
away,  but  the  coin  to  rest  upon  the  finger-tip.  This  is  simply  in 
virtue  of  the  inertia,  of  its  *'  obstinacy  "  to  move ;  the  result  would 
be  different  if  we  used,  in  place  of  a  card  and  coin,  the  surfaces  of 
both  of  which  are  pretty  smooth,  two  flat  bodies  with  rough  surfaces. 
We  should  then  bring  another  force  into  play — ^that  of  friction ; 
although  a  stroke  or  fillip  could  be  given  to  the  lower  body  so 
dexterously  strong  as  to  overcome  this,  and  give  the  same  result  as 
before.  Of  course  the  term  "friction'*  is  used  here  in  a  relative 
sense ;  it  existing,  though  in  a  less  degree,  between  the  smooth  sur- 
faces of  the  card  and  coin.  It  is  the  inertia  or  obstinacy  of  matter 
which  makes  it  so  difficult  to  railway  porters  to  set  carriages  in 
motion  which  have  been  at  rest  on  the  rails,  or  for  a  horse  to  start 
a  heavily-loaded  lorry  or  cart. 

.  One  knows  intuitively  that  the  heavier  the  body  or  mass  of  matter 
the  greater  will  be  the  force  required  to  put  it  in  motion;  but  in 
the  converse  of  this,  or  such  cases  as  the  above,  one  does  not  so 
intuitively  or  naturally  take  in  the  conception  of  the  opposite  truth, 
that  if  a  body  takes  a  certain  force  to  put  it  in  motion  it  will  take 
an  equal  force  to  stop  it  when  it  is  in  motion.  To  stop  instan- 
taneously the  motion  of  a  heavy  grindstone  which  has  been  moved 
in  the  first  instance  by  the  arm,  will  require  the  exertion  of  as  much 
physical  force  as  was  necessitated  to  make  it  revolve.  Examples  of 
inertia,  or  the  indifference  of  matter  either  to  rest  or  motion,  are 
as  readily  met  with,  illustrating  the  tendency  to  keep  in  motion  of 
bodies  once  set  in  motion.  Many  will  occur  to  the  reader :  a  cannon- 
ball  rolled  along  a  long  sheet  of  smooth  ice,  a  top  with  finely-pointed 
pin  spinning  on  a  highly  polished  metallic  surface,  are  examples  of 
the  tendency  to  continuity  of  motion  when  friction  is  lessened,  and 
the  resistance  of  the  air — ^which  latter  element  acts  frequently  as 
a  very  retarding  and  stopping  force. 

The  ruptures  in  and  breakages  of  materials  and  objects  arising 
from  their  being  subjected  to  sudden  strains  or  pressures  owe  their 
existence  to  the  inertia,  indifference,  or  obstinacy  of  matter.  If  a 
careless  servant,  supposing  that  a  water- jug  standing  on  the  floor  is 
quite  empty,  lifts  it  by  the  handle  with  the  swiftness  or  velocity 
which  she  deems  due  (and  this  is  decided  intuitively)  to  the  fact  of 
its  being  empty,  the  almost  certainty  is  that  she  will  lift  the  handle 
but  not  the  jug,  this  being  left  behind,  or,  if  raised  only  a  little, 
dropped  on  the  floor  and  probably  smashed;  but  the  severance  of 
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the  handle  from  the  body  of  the  jug  is  almost  certain.  In  like 
manner,  if  a  schoolboy  wishes  to  break  or  sever  a  piece  of  cord, 
string,  or  band  in  pieces,  he  brings  his  two  hands,  round  which  the 
two  ends  are  twisted  to  "  get  the  grip,"  near  each  other,  and  then 
quickly  and  forcibly  separates  them,  so  as  to  give  the  cord  a  sudden 
jerk  which  may  be  sufficient  to  break  it  in  two.  The  strength  which 
would  resist  a  steady  pull  is  not  sufficient  to  resist  a  sudden  wrench. 
So,  if  a  man  be  hauling  along  a  heavy  weight  by  a  rope,  if  he  be 
doubtful  of  the  strength  of  this  he  will  wisely  put  the  strain  on 
gradually  and  slowly ;  so  also  in  the  raising  of  a  weight  by  means 
of  a  "  crab  "  or  winch,  a  weak  rope  may  do  the  work  if  the  strain 
be  put  on  gradually,  while  it  would  be  sure  to  give  way  if  the 
strain  were  quickly  put  on,  or  "with  a  jerk,"  to  use  the  common 
phrase.  It  is  in  this  way  that  the  iron  anchor  chains  are  so  much 
more  to  be  depended  on,  in  enabling  a  ship  to  ride  out  a  gale,  than 
hempen  cables.  For  the  mere  weight  of  the  chain  causes  it  to  hang 
down  or  belly  conca"\'ely  (the  "  catenarian  curve,"  from  the  Latin 
word  catena^  a  chain) ;  so  that,  if  a  wave  or  the  wind  drives  back  the 
vessel,  the  chain  is  gradually  hauled  on,  so  to  say,  and  brought  to 
the  straight,  thus  throwing  the  strain  on  it  gradually ;  whereas,  in 
the  case  of  the  hempen  cable,  this  is,  as  a  rule,  in  a  straight,  tightly 
stretched  line  from  ship  to  anchor,  so  that,  when  the  vessel  is  driven 
back  by  wind  or  wave,  the  strain  is  put  on  suddenly,  and  the  cable 
may  give  way.  If  iron  wires  be  used  to  resist  strains  which  will,  as 
a  rule,  be  suddenly  thrown  upon  them,  they  will  be  better  able  to 
resist  those  if  they  be  not  hauled  or  screwed  up  too  tightly,  but 
have  a  certain  amount  of  play  or  "  give  and  take."  Giving  way  at 
the  first  shock  of  the  strain,  this  will  be  gradually  pulled  up,  through 
the  greater  strength  given  to  the  wires  by  the  strain  being  gradually 
put  upon  them.  In  all  those  and  in  similar  cases  the  action  of  the 
law  of  inertia  has  been  humorously  described  by  saying  that  the 
atoms  or  particles  in  the  part  of  the  object  which  has  been  jerked 
off,  or  torn,  or  broken  away,  have  not  had  time  to  give  notice  to 
the  further  and  next  neighbour  that  a  call  was  about  to  be  made 
upon  their  strength ;  unitedly,  they  could  resist  the  strain,  and  far 
more;  separated,  they  could  not.  This  humorous  statement  of  a 
physical  fact,  the  reader  will  remember,  is  aptly  illustrated  in  the 
saying,  "  a  threefold  cord  is  not  easily  broken."  The  young  mecha- 
nical student  will  perceive  the  value  of  such  facts  when  applied  to 
practical  work. 

We  have  above  detailed  certain  facts  connected  with  the  "indiffer- 
ence," "obstinacy"  or  "inertia"  of  matter,  as  possessing  great  value 
to  the  student  in  practical  work.     Even  in  the  everyday  duties  of 
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life  he  may  learn  a  lesson  from  them — the  lesson  of  doing  all  work 
in  a  quiet,  steady  way,  the  very  opposite  of  that  "  jerking,"  nervous 
style  which  some  have,  invariably  suggestive  of  breakages,  upsets, 
and  all  sorts  of  untoward  accidents.  We  know  of  some  master 
mechanics  who  judge  very  much  as  to  what  a  man  is  likely  to  be 
worth  from  the  mere  way  in  which  he  handles  his  tools  and  ''  goes 
about  his  work." 

A  Popnlsr  Error  in  Conneotioii  with  this  Law  in  its  Application  to  Macliinery. 

The  law  of  inertia  may  be  said  to  be  exemplified  in  action  in  every 
machine  with  which  the  mechanic  has  to  deal,  which  the  individual 
workman  employs.  Some  of  its  special  exemplifications  are  very 
curious,  as  showing  how  much  effective  work  is  done  by  exceedingly 
simple  means ;  one  or  two  instances  of  this  will  presently  be  given. 
But  it  is  not  only  in  a  great  variety  of  machines  that  the  law  or 
property  of  inertia  which  matter  possesses  when  in  mass  is  exem- 
plified ;  for  those  machines  cannot  be  put  in  motion,  or,  if  in  motion, 
stopped  in  their  action,  without  this  property  being  called  into  play. 
The  points  involved  in  this  statement,  simple  and  incontrovertible  as 
it  is,  are  of  much  practical  importance  to  the  mechanic,  and  a  neglect 
or  ignorance  of  them  has  given  rise  in  the  past,  and  with  many  yet 
in  the  present,  to  grave  mechanical  errors,  which  have  resulted  in 
great  loss.  We  have  pointed  out  that  the  observance  of  natural 
phenomena  led  to  their  application  in  the  doing  of  mechanical  work 
long  before  the  laws  regulating  those  phenomena  were  known,  and 
that  it  was  the  number  of  facts  which  the  practical  man  had  accu- 
mulated which  gave  the  scientific  man  the  natural  form  through 
which,  by  a  process  of  inductive — sometimes,  however,  deductive — 
reasoning,  he  discovered  the  law  which  explained  all  those  facts  or 
phenomena.  But  even  after  the  laws  have  been  discovered  or 
enunciated,  mechanics  do  not  always  understand  them;  and  frequently 
the  very  fact  that  they  have  closely  observed  the  phenomena  which 
exemplify  them,  gives  to  them  certain  impressions  which,  however 
erroneous,  act  so  powerfully  that  grave  errors  in  practice  arise,  and 
are  so  difficult  to  be  eradicated  from  the  mind  that  it  takes  the 
lessons  of  loss  of  many  years,  and  much  scientific  exposition  from 
those  who  know  accurately,  before  these  errors  are  got  rid  of.  The 
law  of  inertia,  or  the  property  possessed  by  matter  to  which  this 
name  has  been  given  by  our  physicists,  affords  a  striking  illustration 
of  this  statement. 

In  attempting  to  move  heavy  masses — say,  to  put  a  heavy  ball  in 
motion  or  roll  it  along  a  surface — it  would  be  observed  that  it  took 
a  much  greater  amount  of  bodily  exertion  or  force  to  set  it  in  motion 
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or  to  make  it  begin  to  roll;  than  was  necessary  to  keep  it  rolling 
when  once  fairly  started.  And  conversely,  when  once  it  was  fairly 
set  rolling  and  had  a  certain  amount  of  force,  so  to  say,  stored  up 
in  it,  if  it  were  desired  to  stop  its  rolling,  it  would  be  found  that  it 
likewise  took  a  greater  force  to  stop  it  than  was  required  to  keep  it 
rolling.  This  force  required  would,  almost  of  necessity  in  the  early 
stages  of  the  collecting  of  mechanical  phenomena  and  of  the  attempts 
to  formulate  a  law  which  accounted  for  them,  convey  the  idea  that 
the  matter  possessed  a  force  or  a  power  which  imparted  to  it  the 
capability  to  resist  its  being  moved,  or,  when  in  motion,  being 
stopped.  It  was  only  at  a  later  period  that  more  accurate  observation 
of  phenomena,  and  an  accurate  process  of  inductive  reasoning  based 
upon  these,  led  to  the  formulating  of  the  correct  or  accurate  law  of 
inertia.  This,  as  we  have  stated  in  preceding  paragraphs,  shows 
clearly  that  matter  per  se  is,  to  use  the  French  definition,  as  indifferent 
to  motion  as  it  is  to  rest.  In  other  words,  that,  whatever  be  its 
condition,  be  it  of  motion  or  be  it  of  rest,  its  tendency  is  to  keep  or 
remain  in  that  condition  unless  acted  upon  by  some  force  or  power 
exterior  to  it ;  that  it  has  neither  what  may  be  called  the  force  of 
stability-inertia,  nor  the  force  of  motion-inertia.  Yet  it  took  long 
before  this  was  thoroughly  comprehended;  and  there  are  many 
mechanics  who  do  not  now  comprehend  it.  So  that  it  came  to  be 
considered  that  matter  possessed  a  force  of  inertia,  and  it  was  so 
propounded  in  many  text-books,  the  term  "vis  inertia"  being  the 
learned  name  given  to  it.  To  how  large  an  extent  this  erroneous 
conception  of  the  property  of  matter  known  as  inertia  dominated  the 
minds,  and  consequently  the  work,  of  mechanics,  need  not  be  here 
inquired  into.  Suffice  it  to  say  that  it  did  dominate  long  and  power- 
fully, to  the  great  detriment  of  mechanical  progress.  As  soon  as 
mechanics  got  hold  of  the  fact  of  the  *'  indifference  "  of  matter  either 
to  rest  or.  motion,  a  rapid  and  a  great  revolution  in  mechanical 
practice  came  about.  Ko  one  has  stood  for  some  time  watching  with 
close  attention  the  working  of  one  of  the  large  and  powerful  reversing- 
geared  steam  engines  used  in  first-class  iron  and  steel  works  in  the 
rolling  department,  without  seeing  at  once  that  if  the  old  notion  that 
there  was  such  a  property  in  matter  as  the  "  force  of  inertia "  had 
prevailed,  no  engine  could  have  been  thought  of,  far  less  constructed, 
which  proposed  to  give  reversed  movements  so  rapidly  following  one 
upon  another  as  the  movements  of  the  engines  alluded  to  give. 
Juster  views  of  this  property  of  matter  have  also,  in  other  depart- 
ments of  mechanical  work,  given  rise  to  great  improvements  in 
working. 

It  is  scarcely  matter  of  surprise,  however,  that  the  erroneous 
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conception  as  to  the  nature  of  inertia  alluded  to  above,  which  gave 

rise  to  defects  in  machine  working,  was  held  by  so  many  mechanics. 

For  many  of  the  phenomena  of  matter  or  of  bodies  are  really,  to  the 

ordinary  mind,  so  startling  that  it  is  not  easy  to  do  otherwise  than 

conclude  that  matter  possesses  iu  itself  an  active  principle  which  is 

brought  to  bear  so  as  either  to  resist  being  moved  when  at  rest,  or 

oppose  being  put  to  rest  when  in   motion.      But  the  thoughtful 

student,  however  tempted  to  form  and  hold  this  conception  of  inertia 

as  au  active  power  in  matter,  must,  if  he  desires  to  progress  in 

mechanical  knowledge,  rest  assured  that  it  is  entirely  erroneous; 

that,  so  far  as  matter  is  concerned,  it  is  equally  indifferent  whether, 

as  in  the  case  of  the  pendulum,  the  bob  is  hanging  vertically  at  rest, 

or  sweeping  down  one  arc  with  an  accelerated  motion,  or  going  up 

the  opposite  arc  with  a  retarded  motion.     It  is  the  force  external  to 

it  that  is  to  be  considered  in  relation  to  the  body,  not  the  body  by 

itself  alone. 

niutrations  of  the  Property  of  Inertia  ezemplified  in  Various  Hacliines  and 

Meolianieal  Movements. 

"We  have  said  that  some  of  the  applications  of  this  property  or 
law  of  matter  known  as  "  inertia  "  are  curious  from  their  simplicity. 
When  the  flour-dressing  machine,  with  sifting  surface  of  material 
made  of  silk,  was  introduced,  it  worked  well  at  first,  but  the  inter- 
stices of  the  silk  got  rapidly  clogged  up  with  the  particles  of  fine 
flour.  The  difficulty  was  overcome  when  some  one  thought  after- 
wards of  giving  a  shake,  or  shock,  to  the  cylindrical  inclined  cage  as 
it  revolved.  This  could  be  done  in  more  ways  than  one,  the  simplest 
of  all  being  to  give  a  small  projecting  part  or  protuberance  to  a  part 
of  the  shaft,  which  as  it  came  round,  and  in  contact  with  a  fixed 
point,  would  cause  the  shaft  to  rise  in  its  bearings.  So  adjusted 
to  allow  of  this  rise,  in  passing  from  the  fixed  point  the  shaft  would 
fall  or  drop,  the  amount  of  drop  and  consequent  shock  given  being 
dependent  upon  the  extent  or  height  of  the  projecting  part.  Pre- 
cisely the  same  effect  could  be  produced  by  an  eccentric  keyed  on 
the  shaft  working  against  a  fixed  point,  for  a  protuberance  on  the 
shaft  itself  is  virtually  an  eccentric.  We  find  this  principle  of  shock, 
as  calling  into  play  the  property  of  inertia,  applied  in  a  wide  variety 
of  mechanical  work.  What  is  called  "shogging,"  sometimes  "jogging" 
— a  movement  applied  to  many  purposes,  as  in  certain  modes  of 
screening  coals,  and  the  sifting  or  separating  of  com  in  the  thrashing 
machine — is  virtually  dependent  upon  the  property  of  inertia;  the 
sudden  reversal  of  motion  from  one  direction  to  another  giving,  as 
it  were,  a  shake  to  the  materials.  We  have  a  good  exemplification 
of  the  application  of  the  principle  in  the  straw  shakers  of  the 


96    THE  TECHNICAL   STUDEKT'S   INTBODUCTION  TO   MECHANICS. 

thrashing  machine.  In  one  arrangement  of  these,  while  they  are 
hung  from,  or  attached  to,  vibrating  bars  or  pendulums,  and  have 
a  lateral  motion  to  and  fro  in  a  hoiizontal  direction,  they  have  at 
the  same  time  an  up-and-down  motion  or  a  vertical  one  given  through 
the  agency  of  cranks :  as  the  cranks  come  down  to  their  lowest 
dead  point,  dropping  or  falling,  a  shock  is  given  to  the  straw  shaker, 
which  tends  to  shake  out  the  small  or  short  pieces  of  straw  and  any 
grain  which  has  remained  in  the  ears,  while  this,  in  combination 
with  the  two  movements,  keeps  the  straw  "  jogging  "  on  in  the  same 
direction  till  it  is  finally  passed  away  free  from  the  machine.  If 
the  movement  of  the  straw  shakers  were  only  the  pendulous  to-and-f  ro 
one,  the  passing  of  the  straw  from  the  inner  to  the  outer  end  would 
be  but  a  very  slow  process ;  theoretically  there  would  be  no  passing 
of  it,  for  the  shock  inertia  occasioned  by  the  change  of  motion  at 
one  time  causing  the  straw  to  go  forward  would  be  neutralised  by 
the  next  change,  which  would  cause  it  to  go  a  like  distance  back- 
wards; but  by  the  up-and-down  crank  motion  the  various  shocks 
produced,  or  callings  into  play  of  the  property  of  inertia  at  different 
periods,  give  precisely  the  result  arrived  at. 

But  if  shocks,  shaking  or  jogging  is  for  some  objects  purposely 
and  specially  called  into  play  by  the  machinist,  this  is  but  compara- 
tively seldom  required.  As  a  general  rule,  the  accuracy  of  work  in 
machine  design  and  construction  is,  in  the  contrary  direction,  dis- 
played by  the  absence  of  all  shocks  in  their  actual  working.  For 
the  student  may  take  it  as  axiomatic, — that  is,  a  statement  which 
cannot  be  denied,  being  absolutely  worthy  of  all  credence  (from  the 
Greek  aacioun,  to  think  worthy), — we  say  that  it  is  axiomatic  that 
where  shocks  or  "  jars  "  are  found  to  exist  in,  or  are  created  by,  the 
working  of  a  machine,  it  may  be  decided  without  any  doubt  that 
those  are  defects  which  arise  either  from  bad  design  or  construction. 
The  working  life  of  a  machine  is  practically  determined  by  the  fact 
as  to  whether  it  works  smoothly  and  noiselessly,  or  with  shocks  or 
jars  and  noisily.  What  may  be  called  the  natural  life  of  materials 
of  which  the  machine  is  constructed  is  virtually  a  very  long  one. 
That  is  to  say,  what  is  called  the  "  wear  and  tear  "  is,  when  reduced 
to  the  minimum  which  good  design  and  sound  construction  can  alone 
give,  very  small  in  amount  indeed.  We  see  this  exemplified  every 
day  in  mechanical  work :  there  are  machines  which,  constructed 
years  and  years  ago,  are  working  now  smoothly  and  steadily,  and  as 
efficiently  as  the  week'  in  which  they  were  set  to  work ;  while  others 
of  precisely  the  same  class,  made  by  makers  of  quite  another  class, 
have  been  laid  aside  as  worthless  long  ago.  We  have  alluded  to 
machines  working  noiselessly,  and  this  quietness  of  motion  is  about 
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as  good  an  evidence,  and  it  is  certainly  the  most  obvious  and  the 
most  easily  understood  proof,  that  a  machine  is  well  made  as  any  at 
command.  Shocks  and  jars  are  always  accompanied  by  noise ;  and 
the  employer  or  user  of  a  machine,  though  no  mechanic,  has  in  this 
proof  a  good  way  of  deciding  whether  his  machine  is  well  designed 
or  constructed,  or  the  reverse.  It  is  a  positive  delight  to  a  well- 
trained  machinist  to  witness  the  working  of  a  well-designed  and 
constructed  machine,  such  as  a  large  factory  engine  or  a  marine 
steam  engine.  These  may  be  of  vast  proportions,  of  many  hundred 
horse  power,  yet  they  go  on  working  so  smoothly,  that  if  the  eyes 
be  closed,  there  is  scarcely  any  ear  evidence  that  one  is  standing  by 
a  machine  the  moving  pai*ts  of  which  are  alike  bulky  and  ponderous. 
A  painful  contrast  is  but  too  often  provided  in  the  experience  of 
the  observant  machinist,  in  some  small  fussy  engine  which,  in  its 
noisy,  jarring  working,  "  knocks  itself  to  pieces,"  to  use  the  graphic 
phrase,  in  a  period  all  too  brief  to  be  satisfactory  to  its  user  and 
purchaser.  And  yet  there  is  scarcely  any  comparison  to  be  made 
between  the  size  and  the  weight  of  the  moving  parts  of  the  two 
machines.  In  the  good — the  true — machine,  tons  may  be  moved 
and  changed  in  position  scores  of  times  in  the  hour,  and  be  kept  in 
motion  for  years  of  working  time  without  injury ;  in  the  bad — the 
false  — machine  parts  of  but  a  few  pounds  in  weight  may  be  injured 
in  a  month  or  two.  Hence  it  is  the  object  of  all  good,  and  we  may 
say  conscientious,  engineers  and  machinists,  proud  of  their  work,  so 
to  design  their  machines  that  all  the  parts  shall  be  so  related  to 
each  other  that  a  "  balance"  between  opposing  forces  shall  be  secured; 
and  not  only  this,  but  that  all  the  individual  parts  shall  be  con- 
structed or  made  with  such  scrupulous  care,  and  with  such  perfection 
of  workmanship,  that  all  the  evils  arising  from  shocks,  jars,  rough 
and  noise-creating  movements,  shall  be  avoided.  In  other  words, 
that  all  means  be  taken  to  prevent  the  property  of  matter  we  are 
now  considering — ^inertia — from  being  manifested  where  it  is  not 
required.  So  prejudicial  are  all  those  manifestations  of  this  property 
to  the  working  life  of  a  machine,  that  where  shocks,  or  shogging  or 
jogging  movements,  are  part  of  the  work  of  the  machine,  the  able 
machinist  takes  care  in  its  design  and  constiiiction  to  arrange  so 
that  the  inherent  evils  of  shocks  to  the  general  life  of  the  machine 
are  counterbalanced. 

All  this  attention  to  the  development  and  manifestations  of  the 
property  of  inertia  in  machine  work  is  essential  to  be  given  in  every 
case.  It  is  but  too  often  ignored  in  that  class  of  work  known  as 
"cheap,"  the  product  of  an  unhealthy  trade  competition  or  an  equally 
\inhealthy  desire  on  the  part  of  purchasers,  who  will  have  work  done 
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at  the  lowest  price.     It  may  be  ignored  in  such  cases,  which  are 
chiefly  those  where  bad  working  can  somehow  or  another  be  put  up 
with,  however  costly  in   the  long  run  it  will  prove  to  be.     But 
attention  to  this  point  above  stated  mibst  be  given,  cannot  possibly 
be  avoided,  in  the  case  of  machines  which  are  to  run  or  be  driven 
at  high  speeds  or  great  velocities.     A  badly  made  locomotive,  for 
example,  would  not  be  cheap  at  any  price ;  simply  because  it  would 
not,  could  not  do  its  work  for  a  day.    A  shock  or  jar  which  happened 
at  each  revolution  of  a  shaft  or  each  throw  of  a  connecting  rod,  or 
each  movement  of  a  link,  might,  so  to  say,  be  "  put  up  with,"  would 
or  might  not  cause  a  breakdown,  if  the  shaft  revolved  or  the  link 
moved  twenty  times  a  minute ;  but  it  would  be  simply  ruinous  to 
the  working  integrity  of  the  machine  if  the  revolutions,  and  therefore 
the  shocks  and  jars,  were  increased   to  hundreds  in  the  minute. 
Why,  the  youthful  student  will  see  when  he  comes  to  examine  what 
is  said  in  the  general  paragraph  on  **  momentum."     For,  as  we  have 
already  said,  it  is  inherent  in  all  works  treating  on  the  principles  of 
mechanics,  that  in  the  very  earliest  parts  terms  have  to  be  employed 
and  phenomena  alluded  to  the  explanation  of  which  cannot  be  given 
till  at  a  later  part  of  the  work ;  so  that  the  student  has  to  wait  for 
an  explanation  of  those,  in  the  meantime  taking  them  for  granted. 
In  all  high-speed  machinery  it  is  therefore  absolutely  demanded  of 
the  machinist,  as  a  duty  which  he  dare  not  ignore  or  overlook — could 
not  if  he  would,  for  the  simple  reason  that  his  machine  would  not  do 
its  work  if  he  did  overlook  it — that  he  should  balance  the  parts  of 
the  machine,  and  construct  it  in  every  detail,  even  the  most  minute, 
so  that  all  shocks  and  jars,  all  manifestations  of  the  property  of 
inertia,  shall  be  avoided  thoroughly.     As  even  our  most  youthful 
mechanical  students  will  know,  a  striking  peculiarity  of  steam  engines 
— and  the  same  may  be  said  of  productive  machines,  such  as  those 
in  the  cotton  manufacture  now  constructed — is  the  very  high  speeds 
at  which  they  are  driven  or  "  run."     A  high-speed  engine  has  thus, 
of  a  working  necessity,  to  be  so  designed  that  in  the  perfect  balance 
of  all  its  parts  there  shall  be  an  utter  absence  of  that  "  hammering," 
as  it  is  graphically  called,  the  evil  effects  of  which  in  "  knocking  " 
to  pieces,  rapidly,  of  machinery,  every  sound  mechanic  fears  and 
endeavours  to  avoid.     The  bearings  of  shafts  have  also  to  be  made 
with  a  special  view  to  the  new  circumstances  of  a  gi'eat  number  of 
revolutions  in  a  given  time.     The  weight  of  parts,  by  judicious  con- 
struction and  accurate  calculation,  must  be  reduced  to  a  minimum, 
and  their  increased  momentum  met  by  counterbalancing.     All  this  is 
necessary — keeping  to  the  example  of  a  steam  engine — ^when  we 
consider  the  new  conditions  of  speed  at  which  it  is  run.     In  Watt's 
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time,  and  for  very  long  after,  the  speed  of  piston  was  two  hundred 
and  twenty  feet  per  minute,  and  all  sound  engineers  of  the  period 
looked  upon  any  departure  from  this,  the  orthodox  speed,  as  a 
grievous  error  in  engineering.  Now  speeds  of  double  this  are  quite 
common ;  and  in  some  instances  speeds  not  far  from,  if  not  quite  up 
to,  treble  this  are  to  be  met  with.  When  the  student  remembers 
that  the  direction  of  motion  of  the  piston  is  changed  at  every  stroke, 
he  will  have  some  conception  of  what  the  effect  of  "  inertia "  would 
be  on  the  main  shaft,  and  through  it  on  all  its  connected  shafts  and 
machines,  as  in  the  case  of  a  factory,  if  this  were  not  provided  for. 
The  space  taken  up  by  what  we  have  said  on  this  subject  will  not 
have  been  given  in  vain  if  the  youthful  student  will  note  especially 
the  practical  value  of  what  has  been  said  on  the  subject  of  inertia. 
Interesting  in  itself  as  the  property  is  in  all  its  manifestations,  he 
will  perceive  how  wide  are  its  applications  in  mechanical  work.  Its 
importance  may,  indeed,  be  argued  on  the  ground  that  it  is  primary, 
and  that  it  underlies  or  is  the  cause  of  existence  of  a  wide  range  of 
mechanical  work,  providing  for  working  contingencies  in  which  other 
laws  of  nature  and  properties  of  matter,  and  their  manifestations 
in  phenomena,  are  also  brought  into  use  by  the  machinist  in  design- 
ing and  constructing.  What  those  are  we  now  proceed  in  due 
sequence  to  show.  And  first  as  to  momentum,  which  will  take 
precedence  of  the  subjects  which  will  yet  make  up  the  matter  of 
our  pages. 

Glance  at  tlie  Discovery  of  the  great  Law  of  Attraction  of  Gravitation. — 
Important  Lessons  to  be  derived  from  this  by  the  Student. 

Before  passing  on  to  the  consideration  of  the  other  points  of  the 
general  subject,  it  will  be  interesting  here  to  glance  at  the  points 
connected  with  the  history  of  the  great  law  of  attraction  of  gravitation 
discovered  by  Sir  Isaac  Newton.  Of  the  great  law  of  "  attraction," 
that  of  the  attraction  of  "  gravitation  "  is  taken  conventionally  as 
the  leading  department — is,  indeed,  that  on  which  all  forms  of 
attraction  so  called  depend — so  that  the  term  "the  law  of  gravitation" 
may  be  said  to  be  synonymous  with  that  of  "  the  law  of  attraction." 
It  is  impossible  to  overestimate  the  importance  of  this  law  of  attrac- 
tion. It  is  one  of  the  two  (and,  as  we  shall  hereafter  see,  the  only 
two)  great  laws,  or  natural  influences  if  we  may  so  term  them,  upon 
which  depend  the  whole  of  the  infinitely  varied  and  endless  phe- 
nomena, and  of  the  no  less  infinitely  varied  states  or  conditions  in 
which  matter  exists  in  the  universe.  But  this  brief  glance  at  the 
discovery  of  the  law  we  here  propose  to  take  will  not  only  be 
interesting,  but  should  afford  to  the  student  some  exceedingly  sug- 
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gestive  considerations — to  which,  as  greatly  influencing  his  future 
career,  it  will,  we  think,  be  well  that  he  should  giye  heed. 

It  is  scarcely  necessary  to  say  that  it  is  to  Sir  Isaac  Newton,  the 
greatest  philosopher  of  modem,  we  may  say  with  safety  of  all  time, 
that  the  discovery  of  this  great  law  of  attraction  is  due.  Eveiy 
schoolboy  is  familiar  with  the  legend  or  tradition  that  it  was  the 
falling  of  an  apple  from  a  tree  to  the  ground  which  gave  Newton 
the  conception  which  ultimately  led  to  that  sublime  discovery.  Be 
this  true  or  not,  it  is  just  as  probable  that  not  one  circumstance,  but 
several,  of  the  phenomena  of  nature  happening  daily  around  him 
led  his  thoughts  in  that  direction  which  resulted  so  marvellously. 
Newton,  proceeding  from  the  lesser,  took  up  the  consideration  of  the 
grander  phenomena  of  nature,  and  conceived  the  idea  or  speculated 
upon  the  notion  that  the  very  same  force,  or  "something,"  which 
caused  a  stone — or  an  apple,  to  keep  to  the  old  tradition — to  fall  to 
the  ground,  was  that  which  kept  the  moon  circling  continuously  in 
its  orbit  round  "  the  great  globe  itself,  and  all  that  it  contains."  It 
is  right  to  state,  and  it  is  somewhat  calculated  to  upset  the  popular 
notion  of  the  "apple"  tradition,  that  other  scientific  men  before 
Newton  had  speculated  on  this  conception.  But  they  had  gone  no 
further  than  mere  conjecture  or  supposition,  however  roundly  they 
may  have  declared  that  the  fact  was  so,  simply  because  (after  the 
fashion  then  but  too  existent,  and  not  quite  died  out  amongst  our- 
selves) they  had  said  that  it  "  was  so."  But  Newton  belonged  to — 
headed,  in  fact — quite  another  class,  namely,  the  lace  of  thinkers 
who,  combining  thought  with  action,  have  done,  or  have  led  to  the 
doing  of,  all  the  practical  work  of  modern  art  and  science.  Not 
content  with  conjecture,  using  it  only  as  the  suggestion  of  a  path 
which  might  lead  to  something  practical,  he  went  beyond  all  his 
predecessors  in  hypotheses,  and  endeavoured  to  find  facts  which 
would  prove  his  conjecture  as  to  the  influence,  foree  or  cause  which 
compelled  the  moon  to  keep  whirling  round  the  globe.  If  his  con- 
jecture was  right  that  the  "  influence  "  or  "  something  " — to  which, 
the  reader  will  note,  no  name  could  then,  when  Newton  began  his 
researches,  of  necessity  be  definitely  given,  as  nothing  definite  was 
then  known  of  it — which  made  or  compelled  a  stone  to  fall  to  the 
ground  when  left  free  in  air  was  the  same  something  which  acted 
upon  the  moon,  then  it  followed  that  a  stone  held  in  a  sling  with 
its  cord  or  string,  or  a  stone  tied  to  a  cord  and  whirled  rapidly 
round  the  head,  held  the  same  relation  to  the  body  of  the  operator 
or  to  the  whirling  force  of  the  hand  and  arm,  which  the  moon 
did  to  the  earth  or  our  globe, — and  it  followed  also  as  a  matter 
of  course  that  the  cord  represented  the  force,  and  the  line  of 
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direction  in  which  that  force  acted,  exerted   by  the  earth   upon 
the  moon. 

Now,  it  was  a  matter  of  mathematical  proof,  or  an  axiom — that  is, 
something  which  could  not  be  disputed — that  the  amount  of  force  of 
the  body  which  acts  upon  the  stone  through  the  agency  of  the  cord 
or  string  depends  upon  and  can  be  calculated  by  a  knowledge  of.  the 
length  of  the  string  itself,  and  by  the  velocity  or  rate  of  motion 
through  the  air  of  the  stone  at  the  end  of  it.  Newton  sought  to 
apply  this  to  the  case  of  the  moon  in  relation  to  the  earth.  The 
distance  of  the  moon  from  the  earth  (corresponding  to  the  length  of 
the  cord  between  the  hand  and  the  stone)  was  known  :  one  factor  in 
the  problem  was  thus  secured.  The  rate  or  velocity  of  the  moon's 
progi*ess  in  its  orbit  or  path  in  space  was  also  known  :  another  factor 
in  the  problem  was  thus  obtained.  Newton  could  then  proceed  to 
calculate,  as  in  the  case  of  the  stone,  the  amount  of  the  force  which 
the  earth  (corresponding  to  the  body  or  arm  of  the  stone  whirler) 
exerted  upon  the  moon.  Newton  did  not  trouble  himself  with  any 
speculations  as  to  what  that  force  or  cause  was,  or  how  it  came  into 
existence;  he  no  doubt  decided  that  that  was  a  matter  beyond  the 
knowledge  of  man,  just  as  light  or  heat,  or  rather  those  '^  some- 
things "  which  we  call  by  those  names,  are  in  reality.  All  that  as  a 
practical,  that  is  a  true  man  of  science,  Newton  was  concerned  with 
was  to  prove  that  his  conjecture  was  right  as  to  the  actual  identity 
of  the  two  "somethings  " — call  them  influences  or  forces  or  what  you 
will — which  in  the  one  case  held  the  stone  and  in  the  other  the 
moon  in  their  whirling  orbits  or  paths.  And  this  proof  was  a  matter 
of  mathematical  calculation,  and  one  therefore  of  certainty.  But  the 
student  of  the  principles  of  mechanics  will  perceive  that  while  this 
was  so,  Newton  felt  that  his  position  was  not  secure  till  he  could  (to 
use  this  somewhat  tautological  expression)  prove  his  proof, — just  as, 
to  apply  an  illustration  of  a  small  to  a  great  thing,  a  schoolboy 
proves  a  sum  in  subtraction.  If  Newton  by  two  methods  of  calcula- 
tion, both  based  upon  certain  hypotheses,  could  arrive  at  precisely 
the  same  result,  then,  beyond  all  doubt,  cavil  and  dispute,  his  theory 
would  be  proved,  the  amount  of  the  two  forces  or  influences  being 
identical.  Newton  made  the  two  independent  calculations,  and  with 
identical  results. 

Hypotheiis,  Conjeotnre,  or  Imaginary  Conception  one  of  the  Factors  in  all 
Great  Soienlifio  Discoveries.— Their  Legitimate,  their  Scientific,  or  Philo- 
sophical Application,  or  Use,  as  exemplified  in  Newton's  great  Discovery 
of  the  Law  of  Attraction  of  Gravitation. 

The  method  of  the  second  calculation,  or  the  principle  upon  which 
it  was  based,  in  itself  aflbrds  a  remarkably  suggestive  point  for  the 
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consideration  of  the  reader.  Practical  men  may  now  and  then  be 
met  with  who  laugh  to  scorn  the  idea  that  a  scientific  man  has  any- 
thing to  do  with  imagination.  Leave  that,  they  say,  to  the  poets ; 
practical  men  will  have  none  of  it.  Now,  a  very  valuable  factor  in 
the  labour  of  men  of  science,  we  would  wish  the  student  to  note,  is 
this  power  of  imagination.  In  nearly  every  discovery — certainly  in 
all  great  discoveries,  such  as  that  of  Newton,  now  under  considera- 
tion— carried  out  by  inductive  and  deductive  reasoning,  the  very 
first  step  taken  or  thing  done  is  to  make  a  conjecture  or  raise  an 
hypothesis.  Then  facts  are  looked  for  and  examined;  and  if  the 
facts  will  not  square  with  or  fit  into  the  hypothetical  suppositions, 
or  imaginative  guesses,  or  conjectures,  then  those  are  set  aside  as 
incorrect  and  worthless,  and  another  imaginative  conjecture  created. 
Newton  gives  in  the  history  of  his  great  discovery  a  remarkable 
proof  of  this.  We  have  elsewhere  explained  the  phenomenon  of 
falling  bodies,  and  the  rates  or  velocities,  etc.  We  now  know  that 
such  are  true ;  and  they  can  be  physically  proved — that  is,  displayed 
before  the  sight — by  the  gravitation  machine  invented  by  Attwood. 
But  although  we  now  know  the  "law"  regulating  the  force  of  bodies, 
and  which  is  the  law  of  attraction,  by  which  the  earth  or  globe  draws 
or  attracts  bodies  to  its  surface,  that  law  was,  we  need  scarcely  say, 
unknown  to  Newton  when  he  began  his  investigation,  for  the  best  of 
all  reasons — that  it  was  he  who  was  the  discoverer  of  it.  But — and 
this  is  the  point  the  reader  should  take  note  of — in  order  to  prove 
his  proof  in  the  way  we  have  alluded  to,  Newton  conceived  a  hypo- 
thesis which  was  purely  imaginary;  and  it  was  this, — that  in  the 
falling  of  a  body,  as  a  stone  or  the  traditional  "  apple,"  the  greater 
the  height  which  the  body  was  above  the  surface  of  the  earth,  "the 
less  was  the  force  which  the  earth  exerted  upon  the  body,"  or,  to  use 
the  term  now  familiar  to  every  one,  by  which  it  was  "  attracted  to 
the  earth,"  and  that  this  decrease  of  force  might  be  stated  in  this 
mathematical  form — "  that  the  force  of  attraction  decreased  as  the 
square  of  the  distance  from  the  centre  of  the  earth  increased."  We 
now  know  beyond  all  dispute  that  this  is  the  law  of  attraction ;  but 
with  Newton,  his  conception  of  it  was  at  first  purely  hypothetical  or 
imaginary.  He  had  now  to  prove  that  this  hypothesis  or  imagination 
was  correct ;  and  we  would  here  note  (what  is  well  worth  the  reader's 
careful  consideration  in  all  its  practical  outcomes,  as  showing  the 
way  in  which  one  process,  depends  upon  another)  that  the  proof  of 
this  hypothesis  of  the  law  of  attraction — which,  be  it  remembered, 
was  made  with  the  direct  object  of  "  proving  his  first  proof,"  namely, 
the  amount  of  force  acting  upon  the  moon  due  to  its  velocity  along 
its  path  and  its  distance  from  the  earth — was  itself  connected  with 
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the  preceding  investigation  of  Newton.  If  the  hypothetical  law  of 
the  force  of  attraction  being  as  the  square  of  the  distance,  as  above 
stated  and  as  fully  explained  elsewhere  in  this  series  of  papers,  was 
absolutely  true,  its  truth  could  be  proved  thus.  Newton  knew  the 
distance  in  miles  of  the  earth 's  surface  from  its  centre ;  he  therefore, 
with  his  hypothetical  law,  could  calculate  what  would  be,  in  virtue 
of  it,  the  amount  or  force  of  attraction  at  the  surface.  And  know- 
ing also  the  distance  of  the  moon  from  the  earth,  he  could  calculate 
the  amount  of  force  acting  upon  the  moon,  or  rather  what  he  knew 
it  should  or  must  or  ought  to  be,  if  his  hypothetical  law  were  the 
actual  or  true  one.  Assuming  it  to  be  the  actual  law,  he  made  the 
calculation,  and  found  a  certain  force  or  amount  of  force  as  the 
result.  We  have  already  seen  that  by  the  other  method  of  calcula- 
tion he  knew  the  force  due  to  the  velocity  of  the  moon  in  her  orbit 
or  path  in  space,  and  its  distance  from  the  earth.  What  if  the  two 
results  were  identical  ?  They  were  so  !  One  can  easily  understand 
how  it  was,  as  history  tells  us,  that  as  Newton  approached  the  end  of 
his  most  intricate  calculations,  and  with  his  mind,  in  the  highest 
degree  imaginative — foreseeing  some  at  least  of  the  wonderful  results, 
as  ministering  to  the  progress  of  civilisation  and  the  welfare  of  his 
fellow-men,  which  would  flow  from  his  great  discovery— he  became 
so  agitated  that  he  could  not  proceed  with  his  calculations,  seeing 
how  they  neared  the  hoped-for  result,  and  was  compelled  to  beg  a 
friend  to  carry  them  out  to  their  completion, — which,  when  done, 
proved  the  great  law. 

There  is  something  profoundly  pathetic  in  this  circumstance  of 
Newton's  life — ^all  the  more  that  it  stands  out  in  such  bold  and 
morally  healthy  relief, — and  it  most  happily  affords  a  delightful 
contrast  to  that  petty  pertness  which  we  have  of  late  years  found 
displayed  in  the  case  of  some  of  our  so-called  men  of  science,  who 
propound  theories,  and  dogmatically  assert  that  they  must  be  and 
shall  be  taken  and  accepted  by  all  as  correct,  simply  because  they 
assert  it  to  be  so,  without  deigning  to  give,  or  rather  attempting  to 
give,  a  proof  of  it.  And  this  not  because  they  have  any  facts  to 
prove  their  accuracy — knowing,  indeed,  that  they  theorise  in  a  region 
in  which  no  facts  exist — but  simply  in  the  swelling  fulness  of  their 
intellectual  pride,  they  say  things  must  be  as  they  propound  them, 
because  it  is  the^/  who  say  it,  and  with  them  this  covers  all.  True 
science,  the  science  which  has  "  built  up  the  grand  fabric  "  of  our 
modern  mechanical  work,  which  has  been  done,  knows  not  of  intel- 
lectual pride, — ^it  is  essentially  humble-minded, — and  the  modern 
followers  of  this  true  science  do  not  disdain  in  this  way  to  follow  in 
the  steps  of  their  great  master  Newton,  who,  when  congratulated  by 
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Fome  one  in  flattering  terms  on  the  greatness  of  his  discoveries,  in 
effect,  if  not  in  the  actual  words  here  given,  made  this  grandly  noble 
reply,  well  worthy  of  the  student's  study : — "  I  have  been  but  as  a 
child  picking  up  here  and  there,  on  the  shore,  a  pebble  of  more  than 
ordinary  size ;  while  the  great  ocean  of  truth  lay  unexplored  before 
me."  It  is  ever  thus,  ever  will  be  thus,  with  true  thinking  men : 
the  very  fact  of  the  vast  extent  of  the  unknown  makes  them  pro- 
foundly humble  as  to  the  little  they  know.  So  true  is  the  sentence 
which,  in  ^he  alliterative  arrangement  of  its  words,  conveys  a  great 
lesson  to  the  young  reader :  "  the  more  we  come  to  know,  the  more 
fully  do  we  know  that,  in  view  of  what  remains  to  be  known,  we 
know  nothing."  And  if  Newton's  example  had  been  followed,  the 
student  who  has  been  careful  to  peruse  every  treatise  and  paper  pur- 
porting to  lay  down  the  laws  of  mechanics,  would  not  have  been 
perplexed  and  painfully  puzzled  by  the  clearly  manifest  contradictions 
which  appear  in  some  of  them.  These  are  altogether  incapable  of 
being  reconciled,  being  brought  into  existence  by  dogmatic  theories 
wholly  unsupported  by  facts, — and  this  for  the  best  of  all  reasons, 
that  no  facts  exist,  the  theories  being  based  upon  the  purest  assump- 
tions, which  in  the  present  state  of  knowledge  (and  to  all  appearance 
this  will  for  ever  be  its  state)  cannot  possibly  be  backed  up  by  any 
facts  derived,  as  all  facts  are  derived,  from  things  which  we  Utiow — 
which,  by  the  way,  form  what  is  entitled  the  "  region  of  facts." 

Further  Lessons  to  be  Learned  from  a  Olance  at  the  Great  Discovery  of 

Newton — The  Law  of  Attraction. 

The  accuracy  of  the  calculations  made  by  Newton  depended  upon 
the  accuracy  of  the  measurements  made  of  the  distance  of  the  centre 
of  the  earth  from  its  surface.  And  the  fact  affords  a  very  striking 
illustration  of  another  attribute,  well  worthy  of  the  earnest  considera- 
tion of  the  reader,  of  the  true  man  of  science  possessed  by  Newton 
— that  is,  patience.  It  so  happened  that  the  calculations  first  made 
by  Newton  did  not  show  the  result  he  anticipated.  like  a  follower 
of  true  science — which  term,  properly  defined,  means  neither  more 
nor  less  than  that  which  we  haow — Newton  in  this  put  aside  his 
hypothesis  or  theory  as  not  correct ;  and  this  simply  because  it  had 
not  facts,  or  the  fact,  to  coincide  with  it,  as  it  did  not  square  with 
the  fact  which  he  hriew.  Some  of  our  modern  so-called  scientists 
would  not  have  so  acted :  it  would  have  quite  satisfied  them  to  have 
framed  an  hypothesis  which  they  wished  to  be  believed  as  proved  to 
be  correct,  simply  by  their  assuming  certain  things  which  might  or 
might  not  exist,  and  putting  them  forward  as  proofs.  It  was  many 
years  afterwards  that  the  result  of  a  new  measurement  of  a  degree  of 
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the  meridian  by  an  able  and  accurate  French  savant,  gave  Newton 
the  data  which  enabled  him  to  get  the  accurate  measurement  of  the 
distance  of  the  earth's  surface  from  its  centre,  and  which  led  to  the 
final  result  we  have  shown. 

The  whole  history  of  what  Newton  did,  and  what  was  done  by 
those  who  succeeded  him,  in  following  up  the  results  of  this  wonder- 
ful discovery,  is  full  of  interest  to  the  scientific  man,  and  no  less  to 
the  student  in  the  principles  of  mechanics,  who  will  derive  no  small 
benefit  from  his  study  of  it.  If  he  rise  from  this  study  with  no  other 
determination  than  this,  he  will  have  good  reason  for  congratulation 
at  such  a  result  of  it — namely,  that  he  will  not  be  led  away,  and  for 
aught  he  knows  widely  astray,  by  theories  however  apparently  jsound, 
by  speculations  however  attractive,  unless  they  appeal  to  facts,  and 
have  facts  to  support  them.  But  if  they  go  no  further  than  mere 
conjecture — for  the  best  of  all  reasons,  that  in  its  region  there  are  no 
facts,  nothing  which  is  known — this  alone  should  determine  their 
practical  uselessness,  for  in  a  region  of  pure  conjecture  it  is  obvious 
that  one  theory  or  conjecture  is  just  as  good  as  another  :  "  my  state- 
ments are  just  as  good  as  yours,"  seeing  that  to  all  alike  is  denied  a 
common  standard  to  which  appeal  can  be  made,  a  common  platform 
on  which  all  can  meet.  These  considerations  are  possessed  of  much 
greater  value  to  the  student,  as  influencing  his  practical  career,  than 
some  may  be  disposed  in  the  first  instance  to  allow  to  them. 

The  Law  of  Attraction  as  Ezemplifled  in  the  Work  of  the  Meehanic.— 

Examples  from  Practice. 

The  law  to  which  the  generic  name  "  attraction  of  gravitation  *'  is 
given,  with  its  other  classes,  such  as  the  attraction^  of  cohesion,  and 
capillary  attraction,  which  will  be  explained  in  future  paragraphs,  is 
not  important,  therefore,  solely  on  account  of  the  wonderful  ways  in 
which  it  manifests  itself  in  the  general  phenomena  of  nature ;  but 
possesses,  if  a  less  striking,  still  a  more  special  or  individual  value  to 
the  practical  mechanic,  inasmuch  as  it  is  manifested  in  a  great 
variety  of  ways  in  the  ordinary  practice  of  his  varied  work.  In  one 
or  other  of  its  classes  this  wonderful  influence  or  power  is  brought 
into  daily  requisition  in  industrial  work,  and  in  the  multifarious 
operations  of  the  workshop.  While  to  it  are  due  some  of  the  greatest 
phenomena  of  nature,  its  influence  is  no  less  seen  in  some  of  her 
gentlest  manifestations,  such  as  the  fall  of  the  leaf,  and  in  the  spark- 
ling dewdrop  in  hedgerow  or  meadow.  The  very  form  of  the  dew- 
drop,  which  looks  like  a  little  globe  of  clearest  crystal,  and  sometimes 
"  sparkles  like  a  diamond  "  in  the  hedgerow  or  the  grass,  owes  its 
production  to  this  law.     So  also  do  the  little  globules  of  quicksilver ; 
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and  to  the  same  law  is  due  the  going  together  or  the  meeting  of  the 
dewdrops,  forming  little  pools  of  liquid,  of  the  globules,  forming  larger 
masses  of  quicksilver. 

The  tendency  of  small  volumes  of  liquids  free  to  move  to  form 
globular  masses  or  spheres,  above  alluded  to,  is  taken  advantage  of  in 
the  well-known  method  of  forming  the  small  shot  of  sportsmen. 
Melted  lead  is  poured  through  a  sieve  placed  at  a  great  height  from 
the  ground,  and  in  falling,  the  shower  of  lead  forms  itself  into  little 
spheres,  solidifying  in  this  shape  through  the  cooling  action  of  the 
air.  The  imperfection  of  form  of  some  of  those  globules  is  dependent 
upon  certain  circumstances :  some,  through  the  lead  possessing  too 
little  fluidity,  solidifying  into  pear-shaped  bodies;  others,  through 
possessing  too  much,  becoming  flattened  spheres  or  oblate  spheroids. 
This  tendency  of  matter,  in  conditions  varying  as  regards  fluidity, 
to  gravitate — so  to  say — or  to  be  attracted  to  a  common  centre,  is 
taken  advantage  of  in,  and  in  many  ways  influences,  the  work  of  the 
mechanic.  But  the  same  law  which  thus  gives  the  spherical  form  to 
liquid  bodies  subjected  to  modiflcation  from  varying  circumstances  of 
condition  is  that  also — although  we  give  it  another  name,  as  indicat- 
ing another  department  of  it,  namely,  the  law  of  gravitation — which 
compels,  so  to  say,  the  lead  pellets  to  drop  from  a  height  and  fall  to 
the  surface  of  the  earth,  and  regulates  all  the  phenomena  of  falling 
and  of  moving  bodies,  whether  those  bodies  are  projected  or  propelled 
through  the  air,  or  move  along  surfaces,  solid  or  otherwise. 

And  those  phenomena,  having  been  closely  obsei^ved  by  man,  have 

been  in  the  course   of  time  applied  to   various  departments  of  his 

work  in  ways  as  useful  on  the  one  hand  as  on  the  other ;  they  are 

interesting  as  examples  of  what  observation,  aided  by  close  thinking 

or  reasoning,  can  do  in  making  natural  laws  subservient  alike  to  the 

lower  and  to  the  very  highest  necessities  of  man  in  his  daily  life  and 

work. 

Some  Practical  Considerations  in  regard  to  the  Invention  of  Machines 
taking  Advantage  of  the  Operation  of  Certain  Natural  Laws. 

And  this  adaptation  of  the  great  law  of  gravitation,  even  to  such  a 
simple  matter  as  the  separating  grain  from  the  chafi^,  by  what  we 
call  a  riddle  or  sieve,  took,  we  have  every  reason  to  believe,  no  short 
period  in  the  history  of  man  before  its  principle  was  perceived  and 
acted  upon.  And  the  reader  interested  in  the  principles  of  mecha- 
nism may  rest  assured  of  this :  that  before  the  very  simplest  form  of 
what  is  known  in  farming  operations  as  the  "  corn-dressing  machine," 
the  "fanners'*  of  even  the  smallest  of  barns,  was  perfected,  many 
years,  possibly  generations,  in  the  history  of  man  passed  away.  The 
principle  is  comparatively  simple  upon  which  the  various  members 
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of  that  wide  class  of  machines  used  in  separating  and  sifting  materials 
depend  for  their  operation.  But  if  such  a  thing  as  a  record  of 
progress  of  invention  in  this  department  existed,  which,  unfortu- 
nately for  the  machinist,  it  does  not, — ^and  this  remark  applies  to  but 
too  many,  almost  all,  indeed,  of  the  departments  of  mechanical  inven- 
tion,— he  would  be  very  much  surprised  to  find  for  how  long  a  period 
the  work  was  purely  tentative  or  experimental,  and  what  an  amount 
of  patient  trial  and  thinking  had  to  be  gone  through  before  the 
appliances  and  machines  he  now  sees,  and  that  so  frequently  that  he 
never  gives  a  thought  to  the  way  in  which  they  originated,  were 
perfected,  and  assumed  the  form  he  now  sees  them  in.  And  all  of 
them  afford  in  their  action  very  striking  and  beautiful  exemplifica- 
tions of  the  phenomena  of  falling  and  of  moving  bodies.  They  are 
all  interesting  when  in  this  way  looked  upon  as  philosophical  opera- 
tions, illustrating  natural  laws — which  office  all  of  them  may  be  said 
to  fulfil.  But  it  is  when  we  consider  them  conversely,  in  the  way 
above  alluded  to,  and  try  to  trace  out  how  our  predecessors  in 
mechanical  work,  having  first  during  a  long  course  of  years  observed 
certain  phenomena  in  nature  taking  place  around  them,  were  led  to 
take  the  steps  by  which  those  phenomena  were  applied,  or  rather 
what  they  taught  were  adapted  to  the  work  required,  through  the 
agency  of  certain  mechanical  contrivances,  that  we  can  arrive  at 
anything  like  a  fair  estimate  of  what  our  predecessors  have  done, 
and  the  difficulties  they  had  to  encounter  and  overcome  before  the 
work  was  at  all  satisfactory.  They  had  everything  to  learn,  and 
we,  who  have  entered  into  the  inheritance  of  the  knowledge  they 
bequeathed  to  us,  have  had  comparatively  little  to  do.  This  is  true 
of  all  departments  of  mechanical  invention. 

Examples  of  tfechanieal  Arrangements  taking  advantage  of  the  Law  of 

Gravitation  {continued). 

And  yet,  even  in  the  department  of  "separating,"  "sifting"  or 
"  cleaning "  machinery,  alluded  to  in  last  paragraph,  simple  as  the 
reader  may  conceive  it  to  be,  much  has  been  left  us  by  our  prede- 
cessors to  do  in  perfecting  their  original  conceptions  of  mechanical 
adaptations  which  utilise  the  operation  of  our  natural  laws;  and 
under  this  head  the  student  would  possibly  be  much  surprised  to 
learn  the  great  number  of  patents  which  have  been  taken  out  for 
machines  in  this  class,  and  that  are  being  taken  out  almost  every  day. 
And  some  of  those  which  have  gone  beyond  the  region  of  mere 
patents,  and  have  taken  place  as  working  machines  in  daily  use, 
,could  be  referred  to  here,  if  space  permitted,  as  beautiful  examples 
of  how  natural  laws  are  made  subservient  to  the  doing  of  such  work. 
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In  another  paragraph  we  have  explained  the  phenomenon  of  fall- 
ing bodies  and  the  law  which  regulates  their  velocity  or  speed  of 
falling  freely  through  the  air ;  we  have  noted  the  importance  of  this 
law  in  mechanical  work  of  a  very  wide  range.  In  yet  another  para- 
graph we  have  also  explained  some  of  the  points  connected  with  the 
motion  of  bodies  rolling  or  falling  (for  it  is  virtually  this)  down 
inclined  surfaces  or  planes.  If  we  take  a  shallow  vessel  or  receptacle 
formed  out  of  a  flat  plate  with  narrow  upturned  edges  at  the  side 
only,  open  at  the  ends,  and  in  place  of  the  plate  being  solid,  have  it 
throughout  perforated  with  holes  of  uniform  diameter, — and  if  on 
this  surface  we  place  a  heap  of  material  composed  of  particles,  so  to 
say,  differing  in  weight  and  size,  and  shake  the  plate  to  and  fro,  it 
seems  a  very  simple  thing  indeed  that  the  lighter  particles  should 
come  to  the  top  or  form  the  upper  surface,  and  that  the  heavier 
particles,  being  left  to  or  settling  themselves  below,  should  pass 
through  the  holes  and  fall  to  the  ground — that  is,  if  the  holes  are 
large  enough.  Not  less  simple  would  seem  the  result  if,  in  place  of 
the  holes  being  of  uniform  size,  they  were  of  different  or  varying  size 
or  diameter;  when  the  different-sized  particles  would  fall  through 
different  holes,  each  size  selecting,  so  to  say,  its  own  hole.  And  if 
in  place  of  having  the  receptacle  held  horizontally  while  it  and  the 
material  lying  on  its  surface  were  being  shaken — to  use  the  technical 
term,  vibrating  or  oscillating — ^it  were  inclined  or  placed  on  the  level 
or  slope,  it  would  seem  a  very  simple  thing  that  the  velocities  or 
speeds  of  the  different  particles  should  be  different,  and  also  that 
while  some  would  be  shot  beyond  the  plate  to  a  certain  distance, 
others  would  be  projected  to  a  greater,  others  to  a  less  distance  than 
this,  while  some  would  have  such  a  low  velocity  that  they  would  be  a 
long  time  in  passing  from  the  plate.  Again,  in  watching  the  method 
— the  primitive  one,  where  no  mechanical  help,  even  of  the  simplest, 
is  applied  to  the  work — of  freeing  a  lot  of  wheat  from  its  chaff  and 
light  straws  by  dropping  it  from  the  extended  hands  while  a  brisk 
breeze  was  blowing,  it  would  seem  a  simple  or  as  we  should  say  a 
natural  thing  that  the  chaff  and  straw  would  be  blown  away  to 
varying  distances — some  far  from  the  hands,  some  near — and  that 
the  wheat  should  drop  right  down  to  the  ground.  But  if  the  young 
reader  will  place  himself  in  the  position  of  one  noticing  for  the  first 
time  those  phenomena  happening  in  some  natural  way,  no  matter 
how,  long  before  they  were  exemplified  in  mechanical  contrivances, 
however  simple,  he  will  be  able  to  see  what  a  long  train  of  thought 
had  to  be  given,  and  a  great  number  of  circumstances  happening  to 
be  observed,  and  what  a  wide  range  of  tiials  had  to  be  made  before 
those  phenomena  exemplified  to  those  who  looked  for  or  observed 
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them  every  day  in  nature  could  be  applied  to  the  numerous  machines 
we  have  in  use. 

We  have  drawn  the  attention  of  the  young  reader  to  the  long 
course  of  observation  and  experience  required  to  be  given  in  early 
days  before  natural  phenomena  and  laws  could  be  applied  to  the 
machines  we  have  every  day  at  work.  To  trace  the  connection,  to 
see  clearly  the  **  nexus  "  in  all  its  steps  which  bound  up  the  phenomena, 
so  to  say,  with  the  mechanism,  would,  on  the  part  of  the  reader 
placed  in  the  position  we  have  supposed  him  to  be,  be  virtually  the 
invention  of  the  mechanism.  And  here  it  will  be  seen  that  the  word 
"  bound  "  is  strictly  in  keeping  with  the  root  of  the  word  "  connec- 
tion "  ("connecting  rod,"  for  example,  in  practical  mechanism)  and 
"  nexus."  Connection  being  derived  from  the  Latin  words  con,  with, 
and  nectare,  to  bind,  nexus  is  thus  a  binding  mechanism,  or,  as  it 
may  be  called,  the  chain  which  binds  the  parts  together. 

But  in  adapting  natural  phenomena  to  mechanical  contrivances 
the  machinist  finds  in  practice  that  what  may  be  called  the  natural 
or  normal  action  of  those  is  very  much  modified  by  the  condition  of 
the  bodies  or  substances  he  has  to  deal  with ;  and  the  converse  is 
equally  true — ^that  the  machines  he  may  contrive  may,  while  on  the 
whole  operating  as  he  desires,  yet  bring  about  a  condition  or  condi- 
tions in  the  materials  operated  upon  which  may  be  anything  but 
desirable.  Both  of  those  the  machinist  has  to  provide  for ;  and  not 
seldom  do  we  find  it  occur  that,  in  the  latter  case  more  especially, 
the  provision  is  so  difficult  that  it  takes  long  years  of  experience 
and  costly  experiment  before  the  true  remedy  is  .discovered.  In  a 
succeeding  part  of  these  papers,  in  illustrating  different  classes  of 
motion,  the  reader  will  find  various  points  considered  in  relation  to 
the  modifications  in  the  line  or  course  of  bodies  moving,  under  the 
action  of  some  force,  along  level,  and  also  along  inclined  surfaces, 
which  modifications  are  brought  about  by  the  condition  or  form  of 
the  bodies. 

Meohanieal  Arrangements  and  Appliancei  bated  upon  Motion  of  Falling 
or  Soiling  Bodiei  ai  Influeneed  by  their  Form. 

The  phenomena  attendant  upon  conditions  of  the  kind  just  named 
would  be  observed  a  long  time  before  their  connection  with  and  appli- 
cation to  mechanical  work  could  be  traced  out  or  even  conjecturied. 
Thus,  to  return  to  our  supposed  case  of  an  inclined  table  or  perforated 
plate,  if  the  bodies  were  of  different  shapes,  as  well  as  of  different 
sizes  and  weights,  those  shapes  would  influence  the  way  in  which, 
and  the  velocity  at  which,  they  would  move  down  the  incline ;  or,  to 
put  it  more  accurately,  the  time  taken  in  reaching  the  foot  of  the 
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indine  would  be  different  according  to  the  form  of  the  bodies,  for 
theoretically  the  velocity  due  to  the  gravitation  of  the  bodies  would 
be  the  same.     Thus,  while  all  the  bodies  of  a  truly  spherical  form 
would  roll  down  in   straight  lines  from  top  to  foot  of  incline,   all 
bodies  approaching  the  form  of  a  cone  would  not  roll  in  straight, 
but  curved  lines,  those  lines  having  a  tendency  to  the  right  hand  or 
to  the  left  according  as  the  large  end  of  the  cone,  or  body,  lay  toward 
the  left  hand  or  the  right.     And  as  the  table  or  pjane  was  made  to 
vibrate  laterally,   the  positions  of  the  cones  might  be  continually 
changing,  so  that  they  would  take  a  zigzag  path  down  the  incline, 
just  as  a  horse  takes  in  dragging  a  cart  up  or  backing  it  down  a 
very  steep  hill.     Simple  as  the  primary  principles  are  upon  which 
separating  machinery  is  based,  the  young  student  in  the  principles  of 
mechanics  would  be  surprised  if  he  were  made  acquainted  with  the 
amount  of  mechanical  work  done  by  its  aid,  even  in  the  simplest 
forms   of  mechanical   arrangements;    the  large   amount   of   capital 
involved,  and  the  extent  of  steam  power  used  in  their  working.     At 
some  collieries,  for  example,  thirty  horse-power  will  be  required  for 
the  "screening"  of  the  coals,  separating  them  into  different  sizes  or 
lumps.     And  he  would  be  still  more  surprised  if  he   saw  in  some 
collieries  the   very  complete  mechanical   arrangements,   and   their 
extensive   range,   in   this  department.     In  place  of  using  the  flat 
inclined  "screen,"  or  what  would  popularly  be  called  a  "riddle," 
circular  cages  or  screens  are  used  with  perforated  peripheries,  by 
which  the  advantages  of  circular  motion  are  obtained.     But  with 
soft  coal  these,  while  doing  their  work  of  separation  very  quickly, 
are  apt  to  break  or  smash  up  the  pieces  too  much.     To  overcome 
this  difficulty,  M.  Briart,  a  Continental  engineer  of  great  mechanical 
ability,  has  recently  gone  back  to  the  use  of  open  or  flat  inclined 
screens;   but  to  increase  their  producing  power  he  has  in  a  most 
ingenious  manner  taken  advantage  of  the  principle  of  change  of 
form — as  influencing  their  motion — of  the  parts  or  pieces  of  coal  to 
which  allusion  has  been  made.     The  screening   apparatus  is  daily 
working  with  great  success  in  more  than  one  of  the  large  collieries  on 
the  Continent—markedly  in  the  coal  district  near  Li^ge,  in  Belgium 
— the  extent  of  some  of  which  may  be  judged  by  the  fact  that  two 
collieries,  those  of  Mariemont  and  Bascoup,  employ  no  less  an  amount 
of  steam  power  than  5,200  horse,  the  steam  for  which  is  raised  in  no 
fewer  than  111  boilers.     At  these  collieries  the  screening  or  separat- 
ing apparatus  of  M.  Briant  is  erected.     The  apparatus  as  a  whole 
consists  of  one  or  more  gratings  placed  one  above  the  other,  all  work- 
ing in  the  same  way.     In  place,  however,  of  having  one  row  of  bars, 
as  is  usual,  each  grating  is  provided  with  two  sets  of  bars,  and  it  is 
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in  the  way  in  which  those  are  arranged  that  the  peculiarity  of  M. 
Briant*s  system  lies.  One  set  of  the  bars  is  fixed  and  the  other 
movable,  the  latter  when  at  rest  lying  in  the  same  plane  as  the  fixed 
bars.  The  movable  bars  are  fixed  in  a  frame^  this  being  carried  or 
supported  at  its  lower  end  on  two  cranks,  while  the  upper  end  is 
carried  by  two  eccentrics  fixed  on  a  cross  shaft  which  has  a  motion 
of  revolution.  By  this  arrangement,  during  one  revolution*  of  the 
eccentx'ic  shaft  the  movable  bars  are  alternately — each  half -revolution 
— below  and  above  the  fixed  bars.  While  above  the  fixed  bars,  the 
movable  bars  have  a  longitudinal  or  rectilineal  motion  uphill — that 
is,  in  the  direction  from  the  foot  to  the  top  of  the  grating;  but 
during  the  other  half -revolution,  when  the  movable  bars  are  below 
the  fixed  one,  the  former  have  a  downhill  rectilineal  motion — that  is, 
in  the  direction  from  the  top  to  the  foot  of  grating.  When  the  coal 
is  delivered  by  the  tipping  waggon  to  the  upper  part  of  the  screen,  it 
is  in  the  first  instance  lifted  up  by  the  movable  bars,  and  these 
having  the  downhill  motion  carry  the  coal  so  far  down  the  screen ; 
and  it  rests  on  the  fixed  bars  while  the  eccentric  shaft  is  its  other 
semi-revolution.  The  next  half -turn  again  lifts  the  movable  bars, 
and  again  their  downhill  movement  carries  the  coal  to  the  next 
resting-point  on  the  fixed  bars.  At  each  revolution  the  coal  is  shaken 
up  throughout  its  whole  mass — the  small  coal  falling  or  gra^dtating 
through  the  spaces  between  the  bars,  while  the  large  pieces  are 
carried  on  to  the  foot  of  the  screen  by  a  series  of  steps  or  drops, 
without  any  shock.  In  the  more  recent  and  much  improved  forms 
of  this  screening  apparatus  the  distance  between  the  bars  can  be 
adjusted  without  stopping  the  work  by  merely  turning  a  handle  or 
lever. 

Mecliaiiioal  Arrangements  based  on  the  Law  of  Oravitating  or  Falling  Bodies. 

Before  discussing  our  illustrations  of  some  mechanical  work  in 
which  the  law  of  gravitation  is  taken  advantage  of  directly,  it  will 
be  wise  to  allude,  however  briefly,  to  another  department  of  work 
in  which  the  principle  is  also  exemplified — that  is,  in  cotton  factory 
machinery.  The  material  here  to  be  dealt  with  is  in  its  primary 
condition  a  light  substance,  giving,  with  little  weight,  a  very  large 
surface.  But,  delivered  to  the  factory,  it  is,  through  the  require- 
ments of  transport,  found  in  the  condition  of  lumps,  more  or  less 
closely  matted  together,  and  more  or  less  mixed  with  dust,  particles 
of  seed  and  other  extraneous  substances.  In  the  opening  up  of 
those  lumps  or  masses,  so  as  to  have  the  fibre  presented  in  its  native 
condition  of  a  light,  open  mass  of  a  fibrous  material,  the  laws  of 
properties  of  "  matter  "  known  as  gravitation,  weight  and  inertia  are 
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taken  advantage  of  in  the  machinery  employed.  The  property  known 
as  inertia  will  presently  be  explained,  in  next  paragraph;  that  of 
weight  or  gravity  has  been  already  treated  of.  The  reader  will  find, 
in  a  work  belonging  to  this  series,  a  description  of  the  machines 
used  for  opening  up  cotton.  What  we  have  here  to  notice,  however, 
is  a  point  coming  under  the  principle  we  have  been  discussing. 
Having  a  mass  of  cotton  so  far  opened  vip  as  to  be  light  and  open, 
and  capable  of  being  supported  by  or  of  floating  in  the  air,  and  it 
being  necessary  to  strike  it,  so  that  any  dust  or  light  or  extraneous 
matter  in  it  would  be,  so  to  say,  shaken  out,  it  would  appear  to  be 
but  a  matter  of  indifference  whether  the  mass  was  struck  downwards 
by  the  blow  coming  from  the  upper  side,  or  upwards  by  the  blow 
du'ected  from  below.  If  the  dust  could  be  expelled  perfectly  by  one 
blow,  this  would  certainly  be  true,  but  the  conditions  of  the  case 
would  be  very  naturally  altered  if  more  than  one,  or  a  succession,  of 
blows  were  necessary  to  free  the  mass  of  cotton  from  dust  or  other 
impurities.  One  upward  blow  would  obviously  give  the  mass  such 
an  impulse  that  it  would  rise ;  and  after  reaching  its  highest  point 
the  law  of  gravitation  would,  when  the  force  ceased  to  act,  come 
into  play,  and  the  mass  would  again  fall,  again  to  be  struck  upwards 
— each  blow  driving  out,  to  use  the  common  expression,  so  much  of 
the  dust.  All  this  was  known  for  a  long  time,  but  no  one  thought 
of  applying  the  very  familiar  phenomenon  of  a  mass  of  cotton  acting 
in  this  way  to  the  operation  of  cotton  cleaning  till  quite  recently. 
How  these  phenomena  were  applied,  and  how  their  application  opened 
up  in  the  opinion  of  practical  men  quite  a  new  era  in  cotton  cleaning, 
the  reader  must  refer  to  the  work  entitled  **The  Factory  Worker" 
in  this  series  to  have  explained  to  him. 

Bodies  in  Motion.— Homentnm. 
In  the  preceding  paragraph,  while  tijeating  of  "inertia,"  we  have 
shown  how  the  term  is  so  far  vague  or  indefinite,  or  it  will  perhaps 
be  more  coiTect  to  say  incomplete,  inasmuch  as,  from  the  very  deri- 
vation of  the  word,  to  say  little  of  the  universal  meaning  attached 
to  the  word  "  rest,"  it  (the  term  "  inertia  ")  takes,  or  seems  to  take, 
cognisance  only  of  the  law  as  it  concerns  bodies  at  "  rest,"  and  their 
tendency  to  remain  so  till  influenced  by  causes  external  to  themselves 
putting  ihem  in  motion.  There  is,  therefore,  in  mechanics  a  practical 
division  of  the  subject  of  the  law  of  inertia,  and  the  phenomena,  of 
bodies  in  motion  are  considered  under  the  term  "  Momentum,^*  which 
has  been  itself  defined  to  be,  as  indeed  it  actually  is,  the  "  inertia  of 
bodies  in  motion."  The  term  "momentum"  is  derived  from  the 
Latin  word  moverey  to  move.     It  therefore  involves  the  conception 
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of  motion,  and  may  be  considered  as  synonymous  with  the  phrase 
'Hhe  quantity  of  motion/' — so  that  when  we  say  that  the  momentum 
of  a  body  is  so  much,  we  simply  state  the  amount  of  its  motion. 
This  is  estimated  by  multiplying  the  speed  or  velocity  by  the  weight  or 
''mass"  (see  a  preceding  paragraph  on  mass).  This  will  be  easily 
understood  by  the  student,  since,  just  as  in  the  case  of  bulk  he 
naturally  associates  with  it  the  idea  of  weight,  so  he  naturally 
associates  with  a  moving  body  the  idea  that  there  will  be  a  greater 
difficulty  in  arresting  its  motion  if  it  is  large,  or  if  its  mass  be  great, 
than  if  it  is  small.  And  equally  may  it  be  said  that  he  intuitively 
comprehends  that  if  this  body,  be  it  large  or  small  in  mass,  can  be 
arrested  in  its  motion  with  ease  corresponding  to  this  mass,  so  will 
this  stopping  be  made  more  or  less  easy  just  as  the  speed  of  the 
moving  body  is  great  or  little. 

Xomentiim  as  Kais  or  Bulk  or  Weight  and  Veloeity  or  Speed  of 

Moving  Bodiei. 

These  two  circumstances  of  "mass,"  "bulk,"  or  "weight"  of  a 
moving  body,  and  the  "  speed  "  or  "  velocity  "  with  which  it  moves, 
are,  we  say,  associated,  and  that  as  it  were  naturally,  being  taught 
us  by  an  infinity  of  examples  from  earliest  youth  up,  so  that  we 
intuitively  know  that  the  power  or  force  of  a  moving  body  depends 
upon  the  two.  This  power  or  force  we  call  "  momentum."  We  see 
how  this  force  of  momentum  increases,  for  if  we  conceive  of  any 
particle  as  moving  at  the  rate,  say  of  one  foot  per  second,  we  have 
the  momentum  or  the  quantity  or  the  inertia  of  its  motion,  as 
measured  by  the  two,  the  one  multiplied  by  the  other ;  but  if  the 
speed  be  two  feet  per  second  we  have  the  force  doubled,  or  twice  the 
quantity  of  motion.  But  if  there  be  more  particles  than  one,  the 
greater  the  number  of  the  atoms  the  greater  the  momentum  or 
quantity  of  motion,  and  this  just  in  proportion  as  the  number  is 
increased.  Thus,  a  ball  of  2  lb.  weight  propelled  with  a  velocity  of 
224  feet  per  second  will  have  the  same  force  or  momentum  as  a  ball 
weighing  2  cwt.  propelled  at  the  rate  of  2  ft.  per  second.  The  blow 
given  by  each  will  therefore  be  equal ;  for  as  the  momentum  of  any 
body  is  as  the  mass  multiplied  by  the  velocity,  we  have  the  same 
result  in  each  case — for  224  (v6l.)  x  2  (mass)  =  448,  and  2  (vel.)  x 
224  (mass)  =  448.  We  have  many  examples  of  the  force  of  a  body 
of  great  mass  or  weight,  even  when  the  velocity  or  speed  with  which 
it  moves  is  very  small.  A  waggon  heavily  loaded  which  has  been 
forcibly  backed,  although  in  nearing  a  wall  its  motion  may  have 
almost  but  not  quite  ceased,  may  yet  have  such  force  of  momentum 
as  to  crush  or  bend  back  a  piece  of  strong  timber  lying  between  it 
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and  the  wall.'  Just  so  a  steam-vessel  in  being  brought  up  to  the 
quay  side  may  have  so  little  "  way  "  on  her — that  is,  so  little  of  the 
motion  imparted  to  her  by  her  engines — that  the  movement  towards 
the  quay  can  scarcely  be  taken  in  by  the  eye,  yet  the  force  of 
momentum  is  such  that  strong  bodies  would  be  crushed  like  eggshells 
between  the  quay  wall  and  the  side  of  the  vessel.  But  as  momentum 
is  measured  also  by  the  velocity,  when  we  combine  great  ma^s  or 
weight  with  great  velocity  we  obtain  a  force  or  power  so  great — as 
in  the  case  of  two  railway  trains  colliding  with  each  other  on  the 
same  line,  or  two  steam-vessels  going  in  opposite  directions — as  to 
bring  about  catastrophes  which  in  loss  of  life  and  property  are  little 
short  erf  national  calamities.  The  connection  of  mass  with  momentum 
is  illustrated  thus.  We  have  two  balls  of  such  a  material  that  one 
striking  the  other  will  adhere  to  it,  forming  one  ball  or  mass,  still 
capable  of  rolling  or  moving  on.  The  one  ball  which  we  suppose  to 
be  at  rest  has  a  mass  represented  by  90  lb. ;  the  moving  ball  has 
a  mass  of  10  lb.,  and  is  by  some  force  applied  to  it  moved  along  at 
the  rate  of  100  ft.  per  second.  On  coming  in  contact  with  the  90-lb. 
ball  at  rest,  it  communicates  its  motion,  and  adhering  to  it,  the  two 
balls  continue  to  roll  or  move  on.  But  the  velocity  is  no  longer  100  ft. 
per  second,  but  only  10  ft.  per  second,  for  the  mass  is  not  now  101b., 
but  100  lb.,  since  the  primary  quantity  of  motion  is  spread  amongst 
the  greater  number  of  particles,  these  being  now  expressed  by  100  lb», 
so  that  the  velocity  is  only  one-tenth  of  the  primary  velocity. 

Increase  of  Momentum  in  Moving  Bodies. 
When  a  force  is  applied  and  continued  to  a  body,  causing  its 
motion,  the  velocity  or  speed  being  small  at  first,  it  moves  therefore 
very  slowly;  but  such  momentum  as  it  has — say  at  the  end  of  a 
given  time — acquired,  added  to  the  force  which  moves  it,  inci'eases 
the  velocity.  This  increase  in  velocity  gives  now  at  the  end,  say  of 
another  period  of  time,  increased  momentum  or  quantity  of  motion, 
and  this  added  to  the  still  continued  force,  gives  a  still  quicker  speed 
or  greater  velocity.  It  is  this  principle  or  law  on  which  we  rely — 
this  momentum  or  quantity  of  motion  in  the  inertia  of  moving 
bodies — in  getting  up  the  speed  of  machines  and  parts  of  machines 
or  of  bodies  moved  by  extraneous  'forces.  Examples  of  the  law 
abound  everywhere  in  daily  life:  a  railway  locomotive  dragging  a 
train  moves  slowly  at  first,  the  motion  almost  imperceptible,  but  it 
becomes  quicker  and  quicker  till  the  desired  "speed"  is  obtained, 
the  mass  and  the  force  still  remaining  the  same.  Of  two  bodies  of 
equal  size,  but  moved  by  some  force  at  difierent  velocities,  the  one 
which  we  suppose  to  move  at  twice  the  velocity  of  the  other  has 
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twice  the  momentiim.  Hence  we  deduce  the  truth  or  law  that, 
knowing  the  quantity  of  motion  in,  or  the  momentum,  of  a  body, 
we  have  the  measure  of  the  force  which  produced  the  motion. 

A  man  will  move  a  heavy  load  with  such  difficulty  that  its  speed 
or  motion  along  the  ground  may  be  very  small — say,  represented  by 
one  foot  per  second ;  he  moves  half  the  load  with  so  much  greater 
ease  that  he  can  move  along,  and  in  the  same  degree  make  the  mass 
move  with  him,  at  the  rate  of  two  feet  per  second ;  while  he  may 
have  a  weight  so  small  that  the  speed  of  its  motion  will  be  repre- 
sented by  his  walking  quickly,  if  not  absolutely  running,  as  he  drags 
after  or  pushes  before  him  the  weight, — ^but  the  quantity  of  the 
motion  or  the  momentum  may  be  the  same,  and  in  all  the  tlu:ee  cases 
the  true  measure  of  the  force  which  produced  the  motion.  Taking 
the  case  illustrated  in  preceding  paragraph,  of  the  two  balls  one  of 
2  lb.  and  the  other  of  224  lb.,  if  these  are  found  to  move  at  the  same 
velocity,  by  the  different  quantities  of  motion  in  each  we  have  an 
indication  of  the  different  forces  which  were  required  to  move  the 
ball.  But  the  light  ball  and  the  heavy  ball,  if  moved  by  a  force 
equal  in  both  cases,  must  have,  as  we  have  seen,  different  velocities : 
a  ball  of  1  oz.  in  weight  impelled  by  a  given  force  has  a  velocity  six- 
teen times  as  great  as  a  ball  impelled  by  the  same  force  weighing 
1  lb.  or  16  oz. 

Arresting  the  Motion  or  Besisting  the  Momentnm  of  Koving  Bodies. 

But,  as  we  have  just  seen  that,  to  get  great  velocities  in  moving 
bodies,  or,  to  use  the  common  well-known  expression,  to  "  get  up  the 
speed,"  we  require  the  continued  action  of  the  force, — so,  in  order 
to  reduce  the  speed  of  a  moving  body  and  to  bring  it  to  rest,  we 
must  have  the  same  amount  of  force  which  was  required  to  produce 
the  motion  or  speed.  Thus,  if  a  certain  force  be  required  to  be  put 
forth  in  turning  a  grindstone  to  bring  it  up  to  a  given  speed,  the 
same  must  be  exerted  in  order  to  bring  it  to  rest.  But  in  accordance 
with  what  has  been  already  stated  as  to  the  laws  affecting  the  rest 
and  motion  of  bodies,  the  sudden  stoppage  of  a  moving  body,  or  in 
other  words  the  destruction,  so  to  say,  of  its  momentum,  causes 
shocks  and  strains  which  may  be,  and  often  are,  productive  of  great 
mischief  and  loss.  Thus  the  strain  on  the  arm,  and  the  shock 
through  it  given  to  the  body,  by  stopping  the  motion  of  the  grind- 
ing stone  at  once,  would  be  so  great  in  the  case  of  a  large  and  heavy 
stone,  that  a  serious  injury  to  the  muscles  might  result ;  but  the 
momentum  might  be  so  great  that  the  workman  might  not  have 
strength  enough  to  stop  the  revolutions  at  once.  In  such  a  case 
"nature,"  so  to  say — although  others  would  express  it  "common 
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sense  ** — would  prompt  the  workman  so  to  apply  his  strength  as  to 
allow  the  motion  of  the  grindstone  to  be  reduced  gradually.  This 
he  in  fact  does  intuitively,  this  piinciple  being  exemplified  in  a  number 
of  instances  in  mechanical  work.  In  the  mechanism  known  as  the 
"friction  brake,"  or  simply  the  "brake,"  by  which  the  motion  of 
revolution  of  a  shaft,  etc.,  is  stopped,  the  power  of  the  brake  is 
applied  gradually :  if  put  on  to  its  full  power  at  once,  as  it  might 
be  by  means  powerful  enough,  the  motion  of  the  machine  would  be 
stopped,  but  another  result  would  probably  be  obtained,  not  desirable 
— namely,  the  sudden  breakage  of  the  part  or  of  several  parts.  Soft 
and  movable  a  substance  as  common  air  is,  it  may  be  adapted  to  act 
as  a  brake  by  gradually  compressing  it  in  a  closed  vessel.  Many 
other  illustrations  of  thLs  law  will  present  themselves  to  the  mind  of 
the  thoughtful  and  observant  student. 

Ezemplifieations  of  the  Foregoing  PrineiploB  found  in  Mechanieal 
Contrivancei. — Hand  Appliances.— The  Hammer. 

This  property  of  bodies  acquiring  momentum  when  in  motion,  and 
in  proportion  to  their  speed  and  mass — so  that  a  heavy  body  will  at 
the  same  speed  have  a  much  greater  force  or  power  of  or  through 
momentum  than  a  small  body,  just  as  a  light  body  will  have  a 
greater  force  of  momentum  if  its  speed  be  great — is  of  the  greatest 
practical  value  in  mechanical  work.  It  is  exemplified  in  the  simplest 
of  all  mechanical  work — the  driving  of  a  nail  into  wood  or  other 
substance.  By  pressing  the  surface  of  the  "  hammer  "  merely  on  the 
top  of  the  nail,  strength  of  the  arm  applied  through  the  fingers 
might,  in  the  case  of  a  short  nail  and  very  soft  wood,  succeed  in 
getting  the  nail  pressed  into  the  substance.  If  the  operation  suc- 
ceeded, the  process  would  in  any  case  be  a  slow  one,  while  in  the 
majority  of  cases  it  would  not  succeed  at  all.  But  by  raising  the 
hammer  a  short  distance  above  the  head  of  the  nail,  and  bringing  it 
quickly  down  upon  it,  the  momentum  acquired  by  the  velocity  and 
the  weight  of  the  muscular  force  of  the  arm  and  wrist  will  diive 
the  nail  quickly  in.  The  driving  may  take  a  succession  of  strokes, 
or  it  may  be  driven  in  by  one  stroke,  according  to  circumstances. 
And  in  no  work  done  by  man  is  the  wonderful  power  of  volition  or 
will  possessed  by  him  so  beautifully  illustrated  as  in  this  very  process 
of  nail  driving ;  the  degree  or  amount  of  momentum  required  by  an 
infinitely  varying  order  of  circumstances  being  given  to  the  hammer 
as  it  is  required,  and  all  the  var3dng  shades,  so  to  say,  to  all  of  them 
being  given  or  obtained  so  intuitively  that  the  workman  is  not  aware 
that  he  is  going  through  processes  of  such  wonderful  nicety  of  adapta- 
tion. And  in  the  application  of  such  a  force  as  that  of  steam  to 
the  work  of  hammering,  we  have  a  striking  exemplification  in  the 
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steain  "  hammer  ^*  of  what  mechanical  skill,  aided  by  close  observa- 
tion of  facts  existing  around  us,  can  do  in  giving  the  mechanic  an 
apparatus  which  almost  rivals  the  human  arm  in  the  nice  adaptation 
of  its  power  to  the  work  to  be  done, — an  adaptation  with  such  a 
wide  range  that  the  steam  hammer  will  "  drive  a  tack/'  break  the 
shell  without  destroying  the  kernel  of  a  hazel  nut,  or  weld  and  forge 
into  shape  the  most  ponderous  masses  of  glowing  steel  or  iron. 

Meohanioal  Ezemplifioations  of  the  Frinoiples  of  Momentum  (cordinueS),— 

The  Fly-wheel. 

One  of  the  most  familiar  exemplifications  of  the  value  to  the 
mechanic  of  this  property  of  momentum  is  the  "fly-wheel."  This 
contrivance  is  adopted  in  cases  where  there  is  a  varying  force  or  a 
rapid  succession  of  forces  exerted,  so  that  continuity  of  motion  is 
obtained.  Without  it,  the  motion  of  the  machines  would  be  in  a 
succession  of  jerks,  or  in  some  cases  a  complete  cessation  at  certain 
points.  Thus,  in  the  case  of  a  man  turning  a  crank-handle,  he  exerts 
a  force  so  irregular,  in  virtue  of  the  peculiarity  of  the  crank  motion, 
that  while  at  one  point  he  may  be  exerting  a  certain  and  his  full 
force,  at  another  point  he  will  only  be  giving  out  less  than  half  of 
this ;  and  as  in  some  work  the  resistance  it  ojSers  is  greater  than  the 
power  the  minimum  force  exerted  is  able  to  overcome,  the  man 
would  not  be  able  to  do  the  work  at  all.  But  by  adopting  a  fly- 
wheel, which  is  practically  a  heavy  "mass"  capable  of  revolving 
along  with  the  crank- shaft  or  spindle,  the  power  given  at  the  maxi- 
mum point,  where  the  man's  force  is  greatest,  impai-ts  an  increased 
velocity,  and  therefore  increased  momentum  to  the  fly-wheel ;  so  that 
when  in  the  course  of  turning  the  handle  or  crank  the  man  is  putting 
out  his  least  or  minimum  force,  the  momentum  acquired  by  the  mass 
of  the  fly-wheel  carries  it  past  this  weakest  point  and  forward  to 
that  'at  which  the  greatest  force  is  exerted.  The  most  striking  and 
the  most  familiar  exemplification  of  the  value  of  the  "  fly-wheel "  is 
met  with  in  the  ordinaiy  or  reciprocating  form  of  the  steam  engine. 
In  this  the  motion  of  the  piston  in  one  direction  in  the  cylinder 
must  be  gradually  stopped,  and  then  actually  reversed  or  made  to 
travel  in  the  opposite  direction.  Before  this  reversal  of  direction  of 
motion  can  possibly  take  place,  it  is  obvious  that  at  the  point  where 
the  change  is  to  take  place  the  piston  motion  must  absolutely  cease, 
and  this  point  is  at  both  ends  of  the  isylinder.  These  two  points  are 
known  as  the  "  dead  points  " — a  phrase  expressive  of  the  fact  that 
the  power  or  repulsive  force  of  the  steam  is  no  longer  active  or  alive 
in  giving  motion  to  the  piston  and  to  the  crank-shaft  to  which  its 
motion  is  communicated,  so  that  without  the  adaptation  of  the 
«fly-Tvheel,"  motion  of  the  engine  would  jiot  only  cease,  but  the 
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momentum  acquired  by  the  piston  in  its  path  in  the  cylinder  would 
have  the  tendency  to  knock  out  the  cylinder  cover  at  the  end.  But 
by  the  increased  velocity  given  to  the  fly-wheel  when  the  steam  is 
giving  out  its  full  power,  it  acquires  such  a  momentum  that  it  carries 
the  crank  past  its  "  dead "  points,  which  correspond  to  the  "  dead 
points"  of  the  piston  motion.  It  is  by  thus  acquiring  force  or 
momentum  that  a  fly-wheel  is  useful  in  certain  work,  as  in  the 
cutting  of  substances  such  as  straw  or  hay,  the  character  of  which 
varies,  presenting  at  one  time  a  mass  of  material  easy  and  at  another 
difficult  to  be  cut.  When  the  difficult  parts  come  up — which  may 
therefore  be  considered  as  obstructions — the  momentum  acquired  by 
the  fly-wheel  during  the  periods  when  the  work  is  easy  carries  it  past 
or  gets  rid  of  the  obstructions — in  other  words,  cuts  the  less  easy 
yielding  substance,  and  thus  a  uniformity  of  motion  and  work  is 
obtained.  In  looking  at  the  work  or  use  of  the  fly-wheel  the  youth- 
ful mechanic  is  apt  to  make  a  great  mistake  in  relation  to  it,  and  to 
decide  that  it  must  be  a  contrivance  to  create  power.  The  truth  ia, 
that  many  working  machinists  who  cannot  claim  to  be  youthful,  at 
least  in  regard  to  age,  do  hold  this  belief  and  apply  the  notion  that 
machines  do  or  can  create  or  make  power ;  we  shall  see,  however,  as 
we  proceed  in  further  examining  the  peculiarities  and  properties  of 
bodies  in  motion,  that  this  is  actually  erroneous,  and  that  it  gives 
rise,  when  held,  to  the  gravest  of  mechanical  errors.  And  we  shall 
see  still  more  closely,  what  has  already  been  alluded  generally  to, 
that  machines  are  adaptations  of  mechanical  or  concrete  bodies  by 
which  extraneous  forces  within  the  reach  of  man  are  made  capable  of 
doing  certain  work,  and  that  this  machine  is  simply  the  vehicle,  €0 
to  say,  by  which  we  apply  the  given  force,  which  can  in  no  case  be 
added  to  by  any  mechanical  arrangement— that  is,  no  force  can  be 
created  by  a  machine  or  by  any  mechanical  arrangement.  Eather, 
as  we  shall  see,  on  the  contrary  much  of  the  force  is  lost  by  the  use 
of  the  machine.  In  the  case  of  the  fly-wheel  it  creates  no  power ; 
it  can  and  does  give  out  that  only  which  it  receives,  and  it  requires 
the  same  primary  force  to  give  it  the  force  of  momentum  which  it 
receives  and  which  it  gives  out  or  imparts  to  the  machine.  In  other 
and  familiar  words,  it  gives  back  to  the  machine,  at  a  period  in  its 
working  when  it  needs  some  extra  force  to  overcome  a  new  obstruc- 
tion or  some  greater  work  to  be  done,  the  force  which  it  received  at 
a  period  in  its  working  when  it  had  some  force,  so  to  say,  to  spare. 

Further  Ezemplifieations  of  the  Principle  of  Moxnentnin— Springs  to 
,  .  Carts  and  Carriages. 

There  are  various  other  expedients  and  contrivances  met  with  in 
practical  mechanics  in  which  the  property  of  momentum  plays  an 
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important  part.    Thus  "springs"  may  be  said  to  be  fly-wheels  dealing 
with  momentum,  but  only  in  the  opposite  or  converse  way.     They 
receive — as  for  example  by  the  shock  given  to  a  cart  when  the  wheel 
passes  over  an  obstruction  which  it  does  not  crush,  but  falls,  so  to 
say,  on  the  other  side  with  a  jerk  or  shock — a  ceiiain  amount  of 
momentum,  which,  if  communicated  at  once  or  directly  to  the  body 
of  the  cart,  would  tend  to,  if  it  did  not  actually,  injure  its  parts,  or 
(what  would  perhaps  be  of  greater  pecuniary  moment)  its  valuable 
contents.     But  this  momentum  the  spring  receives  and  stores  up,  so 
to   say,  as   the   fly-wheel   stores  up  its   communicated  or  acquired 
momentum,  and  gives  it  out  gradually  to  the  body  of  the  cart.     So 
in  the  spring  safety  valve  of  the  steam-engine  boiler,  the  violent 
oscillations  which  would  result  if  it  received  directly  the  varying  yet 
powerful  impulses  of  the  steam  are  controlled,  and  equalised,  so  to 
say,  by  .the  spring  taking  up  the  force  or  momentum  and  giving  it 
out  gradually.     This  equalising  effect,  obtained  by  what  may  be,  and 
is  popularly,  called  the  "  yielding  "  or  "  give-and-take  "  action  of  the 
spring,  is  perceived  in  other  machines  and  expedients.     Thus,  if'  a 
rope  attached  to  a  vessel  with  considerable  "  way "  or  "  weigh "  or 
motion  in  it,  and  possessed,  therefore,  of  a  great  momentum  from  its 
huge  mass,  be  wound  once  round  a  strongly  fixed  post  on  the  quay, 
by  allowing  the  rope  to  slip  and  pay  out  as  it  tightens,  the  momentum 
of  the  vessel  will  be  gradually  overcome,  and  it  will  be  "  brought 
up"  or  to  a  stand-still,  when  the  same  rope  would  be  snapped  like 
a  rush  or  thread  if  the  strain  were  allowed  to  be  put  on  it  all  at 
once.     Its  own  elasticity,  together  with  its  occasional  slips,  allows 
the  strain  to  be  put  on  gradually.     In  the  same  way  an  elastic 
cord  or  hempen  rope  will  resist  without  breaking  a  weight  suddenly 
dropped — as  for  example  heavy  bodies  dropped  into  a  scale — which 
would  overcome  and  break  a  metal  rod  or  wire  much  stronger  in 
itself  than  the  elastic  cord  or  hempen  rope,  and  for  this  reason : 
the  elasticity  of  the  rope,  the  capability  of  its  fibres  to  stretch,  would 
give  out  its  resistance  through  a  greater  space,  and  therefore  during 
a  greater  length  of  time,  so  that  the  momentum  is  overcome  gradu- 
ally, or  is,  so  to  say,  absorbed  by  the  fibres  of  the  cord.     ^1  the 
effects  of  the  various  mechanical  expedients  classed  by  the  engineer 
under  the  general  name  of  "  cushioning  "  come  under  the  same  law, 
and  exemplify  methods  of  meeting  the  same  property  of  moving 
bodies,  or  of  momentum ;  and  engineei-s  of  large  and  wide  experience 
have  some  curious  and  most  suggestive  incidents  in  their  working 
life  to  relate,  in  which,  by  a  careful  adaptation  of  the  principle, 
serious  accidents  have  been  prevented.    Tlie  phenomena  of  accelerated 
motion,  to  which  reference  has  already  been  made,  come  in  to  modify 
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the  effects  of  momentum.     A  small  body  moving  quickly  will  have 
more  momentum   than   a   larger  body^  moving  slowly;    and   how 
momentum  of  a  moving  body  may  be  greatly  increased  by  increasing 
its  velocity  is  exemplified  in  the  case  of  a  small  ball,  as  say  a  rifle 
ball.     This,  if  thrown  by  a  man  with  all  the  force  of  his  arm,  while 
it  would  not  penetrate  and  pass  through  a  thick  pane  of  plate  glass, 
when  it  is  projected  from  the  rifle  itself  at  an  exceedingly  high 
velocity,  due  to  the  explosive  or  repulsive  force  of  the  gunpowder, 
would  pass  through  with   ease  a  plank  of  timber  of  considerable 
thickness.     This  property  of  increase  of  the  force  of  momentum  in 
a  moving  body  of  a  given  weight  in  proportion  as  its  velocity  is 
increased  is  usefully  applied  in  many  cases  of  mechanical  work.     The 
"piling"  engine,  by  which  wooden  or  other  piles  are  diiven  into  soil 
in  oixler  to  obtain  firm  foundations  for  superstructures  raised  upon 
it,  or  for  inclosing  spaces,  etc.,*  depends  upon  the  property  of  the 
momentum  of  a  weight  falling  through  a  vertical  space,  it  acting  in 
the  same  way  as  a  hammer  driving  a  nail.     The  necessary  power 
may  be   obtained  either   by  having  an  exceedingly  heavy  weight 
falling  through  a  comparatively  short  distance,  or  a  smaller  weight 
falling  through  a  much  longer  distance.     The  student  will  perceive 
that  in  practice  it  will  be  much  more  convenient,  and  the  desired 
range  of  effective  blows  or  impacts  upon  the  pile  will  be  obtained 
with   greater   mechanical    ease,   by  having  a  comparatively  light 
"  monkey  "  or  driving  weight  to  deal  with,  than  by  having  a  very 
massive  and  therefore  less  easily  handled  weight.     Now  the  law  or 
property  we  have  already  named  at  the  beginning  of  this  paragraph 
comes  in  to  aid  the  working  of  the  piling  engine  or  pile  driver. 
We  have  seen,  in  the  paragraphs  treating  on  gravitation,  that  the 
motion  of  a  falling  body  is  an  accelerated  one,  and  that  the  accele- 
rated force  of  a  mass  is  as  the  space  or  distance  through  which  it 
falls  or  passes  multiplied  by  the  weight  or  mass ;  and  the  effect  of 
a  force  is  equal  to  the  mass  or  weight  multiplied  by  the  accelerating 
force.     The  momentum  or  moving  force  of  two  bodies  is  as  the 
weights  multiplied  by  the  speed  or  the  velocities  arrived  at  in  equal 
times.     To  put  it  another  way,  the  momentums — if  we  can  use  the 
plural  of  such  a  term — of  any  two  bodies  passing  or  falling  through 
equal  distances  are  as  the  squares  of  their  velocity  due  to  this  equal 
extent  of  drop  or  fall  multiplied  by  their  masses.    Suppose,  therefore, 
that  we  have  a  given  weight  of  a  cast  iron  or  steel  ball  to  do  a  variety 
of  work,  say  in  smashing  up  metal  or  other  substances,  which  is 
used  by  allowing  it  to  drop  from  a  height  in  the  way  known  in  all 
iron  foundries,  we  can  with  the  same  uniform  weight  get  a  wide 
range  of  breaking  force  or  momentum  simply  by  altering  the  height 
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from  which  the  ball  falls ;  and  we  can  easily  calculate  the  amount 
of  the  breaking  foi*ce  or  the  pressure  which  it  will  exert  upon  the 
mass  or  substance  on  which  it  falls  at  the  moment  of  coming  in 
contact.  By  the  law  we  have  already  explained,  we  can  find  the 
velocity  which  is  due  to  the  ball  falling  a  certain  height ;  and,  pre- 
suming this  to  be  64  lb.,  and  the  weight  of  the  ball  half  a  hundred- 
weight, we  have  64  x  56  =  3584  lb.  as  the  momentum  or  moving 
force.  And,  based  upon  the  truths  stated  above,  we  can  in  like 
manner  calculate  the  different  effects  of  different  heights  with  the 
same  ball.  If,  for  example,  we  have  a  given  weight,  and  we  wish 
it  to  have  a  double  momentum  or  striking  effect,  we  must  give  it 
a  double  speed.  Thus,  suppose  we  have  a  weight  of  2  cwt.,  and  with 
it  to  give  the  momentum  or  striking  effect  of  4  cwt.,  and  that  this 
effect  is  obtained  by  the  velocity  due  to  the  ball  falling  through  a 
height  of  5  ft. :  to  give  a  double  velocity  to  the  2  cwt.  we  multiply 
this  into  itself,  and  this  again  by  the  height  of  the  heaving  body  to 
obtain  the  height  from  which  to  drop  the  ball, — thus  2  x  2  x  5=20 
feet,  which  will  give  to  the  ball  of  224  lb.  the  momentum  or  breaking 
effect  of  one  of  448  lb. 

Importance  of  the  Points  involved  in  the  Principle  of  Momentum  to  the 

Mechanic. — Practical  Ezamplei. 

From  what*  we  have  said  in  preceding  paragraphs  under  the  head 
of  "  Momentum,"  the  youthful  student  of  the  principles  of  mechanics 
should  be  able  to  perceive  something  of  the  wide  range  of  its  practical 
applications  to  mechanical  work,  and  how  the  value  of  this  will  be 
dependent  upon  the  way  the  laws  which  govern  this  property  of 
bodies  are  applk)d  to  its  general  design  and  its  various  details.  And 
so  far  as  this  property  relates,  so  to  say,  to  what  may  be  called 
striking  forces,  the  student  should  be  able  now  to  see  that  in  relation 
to  given  masses,  bodies  or  weight  (to  use  the  common  term,  which 
gives  in  reality  the  most  tangible  and  practical  idea  of  them),  the 
time  during  which  and  the  space  or  distance  through  which  these 
weights  are  under  the  influence  of  any  force — be  it  that  of  gravity 
or  of  human  muscles,  etc. — are  important  elements  in  obtaining  an 
increase  of  effect  or  of  power  in  doing  the  work  for  which  the  weight 
is  used  and  the  force  applied  to  it.  A  man  with  a  given  weight  of 
hammer  with  a  short  swing  incapable,  so  to  say,  of  doing  a  certain 
work,  such  as  driving  a  nail  into  a  denser  piece  of  timber,  or  as 
breaking  up  a  piece  of  metal,  gives  to  his  arm  a  wider  swing,  and 
finds  then  that  his  light  hammer  does  the  work  of  a  heavier  one. 
He  does  this  intuitively,  and  may  have  no  conception  upon  what 
the  increased  power  depends.    The  hammer  has,  in  coming  in  contact 
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with  the  nail-head  to  be  driven,  or  the  metal  to  be  smashed  up,  the 
concentrated  effect  both  of  gravity  and  the  muscular  force  of  the 
arm ;  and  by  giving  a  wider  swing  to  this,  not  only  is  greater  time 
taken,  but  greater  space  or  distance  passed  through,  given,  by  which 
those  forces  are  allowed  to  act,  and  so  have  increased  effect.  That 
the  useful  effect  of  a  force  is  to  be  estimated  as  much  by  the  influence 
of  time  and  space  during  and  through  which  the  power  or  force  acts 
as  by  the  primary  intensity  of  the  force,  is  proved  by  many  circum- 
stances in  connection  with  mechanical  work.  It  would  convey  a  few 
lessons  on  this  important  point  if  the  young  student  were  to 
experiment  with  a  hammer  used  under  a  variety  of  circumstances. 
Thus,  this  increase  of  force  through  increase  of  time  and  space  is 
the  principle  or  property  of  bodies  upon  which  depend  many  of  the 
operations  of  the  machine-shop.  Thus  we  can  operate  upon  and 
produce  an  effect  upon  very  hard  metals  by  substances  in  themselves 
very  much  softer — as  by  polishing  a  steel  surface  even  by  a  piece  of 
wood,  either  the  steel  or  the  wood  surface  having  a  high  velocity 
given  to  it  while  the  object  is  at  rest.  And  the  same  effect  may  be 
and  is  obtained  by  the  use  of  a  very  soft  polishing  powder ;  and  the 
effect  in  both  cases,  just  as  in  the  case  of  a  revolving  disc  of  soft 
wrought  iron  having  an  enormous  velocity  cutting  through  a  bar  of 
steel  as  easily  as  cherries  or  an  apple  with  a  knife,  is  due  to  the 
high  velocity  or  speed  of  the  particles.  No  doubt,  in  some  of  such 
cases  another  property  of  bodies  in  motion  yet  to  be  explained — 
friction—  comes  into  play,  but  the  effects  named  are  obtained  chiefly 
in  the  way  stated.  Many  other  examples  might  be  added,  in  illus- 
tration of  the  influence  of  time  and  space  in  or  upon  forces.  One 
is  met  with  in  the  foundation  of  the  heavy  steam  hammer.  If  the 
full  force  of  such  a  heavy  blow  were  transmitted  through  the  medium 
of  the  anvil  directly  to  the  soil  upon  which  the  hammer  is  placed,  no 
site,  however  naturally  strong  and  able  to  resist  blows,  could  stand 
irrespective  altogether  of  the  effects,  some  of  which  will  be  noticed 
hereafter  in  the  proper  place.  But  an  anvil  rests  upon  a  foundation 
composed  of  a  combination  more  or  less  complicated  of  timber,  and 
those  upon  a  bed  more  or  less  thick  of  concrete.  The  effect  of  this 
arrangement  is  precisely  the  same  as  shown  in  that  of  the  trick 
which,  if  not  now,  was  used  in  former  days  to  create  the  astonishment 
of  a  gaping  audience  at  country  fairs,  in  which  a  heavy  anvil  laid 
upon  the  chest  of  a  prostrate  man  received  blows  from  a  sledge- 
hammer  wielded  vigorously  by  his  companion.  What  seemed  in  the 
minds  of  the  uneducated  spectators  to  add  only  to  the  danger  in 
which  the  man  lay — namely,  the  heavy  anvil  resting  on  his  chest — 
constituted  in  fact  his  very  safety ;  and  in  like  manner  the  mechanical 
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integrity  or  "  working  life  "  of  the  steam  hammer  is  secured  by  the 
means  we  have  described.  In  both  cases  the  mass  of  the  anvil 
receives  the  full  force  of  the  blow,  and  the  force  of  this  is  so  diffused, 
so  to  say,  through,  or  absorbed  by,  the  mass,  that  the  velocity  at  its 
lower  part  is  reduced  to  a  comparative  trifle. 

At  the  end  of  preceding  paragraph  we  pointed  out  how,  in  the 
case  of  a  man  receiving  the  blows  of  a  heavy  hammer  through  the 
medium  of  an  anvil  resting  on  his  chest,  and  in  the  case  of  the 
foundation  of  a  steam  hammer  receiving  its  ponderous  blows,  the 
force  or  the  momentum  of  the  blows  was  diffused,  so  to  say,  through 
the  mass,  so  that  the  velocity  was  reduced  to  a  mere  trifle.  The 
elasticity  of  the  muscles  of  the  chest  of  the  man  in  the  one  case, 
and  the  flbres  of  the  foundation  of  the  steam  hammer  in  the  other, 
render  it  practically  innocent  of  danger  either  to  the  life  of  the  one 
or  the  mechanism  of  the  other,  which  would  be  endangered  in  both 
instances  were  not  means  taken  to  bring  into  play  the  influence  of 
time  and  space. 

But  much  as  has  been  given  in  this  present  general  paragraph  on 

the  subject  of  momentum,  there  are  still  points  connected  with  it 

which,  having  outcomes  or  resuJts  of  great  practical  importance,  must 

be  noticed.     These  are  so  numerous  that  they  might  be  explained  in 

a  special  or  single  volume,  or  in  a  much  more  elaborate  classiflcation 

than  our  comparatively  brief  paper  admits  of ;  but  we  shall  pursue 

the  method  which  we  have  adopted,  of  taking  the  subjects  as  closely 

as  possible  in  what  may  be  called  the  natural  sequence — that  is, 

considering  some  new  point  as  it  seems  to  be  connected  with  or 

comes  out  of  the  consideration  of  the  last  treated  of.     In  this  way, 

as  it  will  be  perceived  that  we  have  just  made  frequent  reference  to 

the  effect   of  falling  and   moving  bodies,  as  what  may  be  called 

striking  forces,  or  what  in  popular  language  are  termed  "  blows,"  we 

shall  proceed  to  explain  what  we  have  yet  to  say  on  points  in  which 

momentum  is  concerned  in  a  series  of  paragraphs,  the  first  of  which 

has  the  title  of 

Impact.— Blows.— ConoiuBion. 

When  a  falling  body  comes  in  contact  with  the  ground — a  hammer 
comes  in  contact  with  the  body  struck,  as  a  nail — or  a  weight,  as 
the  monkey  of  the  piling  engine,  strikes  the  head  or  cap  of  a  pile — 
in  the  popular  language  the  ground,  the  nail  or  the  pile  is  said  to 
receive  a  "  blow  "  or  to  be  "  struck,"  and  the  effect  in  general  terms 
is  described  as  a  '^  concussion."  In  technical  language  the  term 
employed  to  designate  the  act  of  two  bodies  coming  in  contact,  or 
rather  the  effect  of  a  force,  is  "  impact J^  In  pursuance  of  our  usual 
plan,  let  us  see  what  notion  of  these  terms,  or  the  conditions  rather 
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which  they  indicate,  can  be  deiived  from  an  examination  of  the 
meaning  or  derivation  of  the  words.  Take  the  last  named  first — 
**  impact/'  This  is  derived  from  two  Latin  words,  in  and  pactum, 
and  this  from  the  verb  pangere,  to  strike  or  drive.  Impact  may 
therefore  be  defined  as  the  driving  closely  together  of  two  bodies, 
or  that  condition  which  arises  from  one  body  striking  another. 
When  the  condition  known  as  impact  exists,  there  is  another  term 
frequently  used  to  denote  it  in  relation  to  two  bodies — that  is,  the 
word  "impinge."  Thus,  when  two  bodies  are  fixed  together,  or  come 
in  contact,  the  one  body  is  said  to  "  impinge  "  upon  the  other.  The 
term  is,  in  effect,  but  another  form  of  that  of  impact,  and  is  derived 
from  precisely  the  same  Latin  verb,  pangere,  as  above  named.  The 
one  bodv  which  is  struck  receives  what  is  called  the  "blow,"  and 
the  result  in  popular  language  is,  as  noted  above,  said  to  be  a 
"  concussion  "  between  the  two  bodies.  This  latter  word  is  derived 
from  the  Latin  word  concusaio,  from  concutere,  concusaumf  and  those 
from  the  two  words  con,  with,  quatere,  to  shake.  So  that  the  result 
of  a  concussion  is  the  act  of  being  (so  to  say)  shaken,  the  bodies 
receiving  what  is  both  technically  and  popularly  termed  a  "  shock." 
The  term  "  collision  "  is  used  generally  to  denote  the  action  of  two 
moving  bodies  coming  in  contact  with  each  other  violently,  so  that 
it  may  be  said  that  the  result  of  the  collision  was  a  "  concussion," 
"  shake,"  or  "  shock,"  which  broke  up  the  bodies  or  more  or  less 
damaged  them. 

Collisions. —Shocks.— Blows. —Strokes. 

The  word  "collision"  is  derived  from  two  Latin  words — con,  with, 
and  Icedere,  to  shake.  So  that  a  collision,  defined  as  the  act  of 
striking  together,  is  the  cause,  while  the  concussion  is  the  effect  or 
result.  The  word  "shock,"  which  is  the  effect  of  a  collision,  is 
derived  from  the  Danish  schok,  the  French  form  being  choc,  a  leap, 
or  the  shake  caused  by  a  "  leap,"  leaping  from  a  high  place  or  distance 
giving  the  sensation  to  which  we  apply  the  term  "  shock." 

The  word  "  blow,"  denoting  the  effect  known  as  a  stroke,  which 
is  the  result  of  the  act  of  striking,  is  derived  from  the  Grerman  word 
hliggan,  or,  as  som6  hold,  from  the  Latin plega.  The  word  "strike" 
itself  is  derived  from  the  German  streichen,  signifying  the  touching 
or  holding  a  body  with  some  force.  Other  etymologists  refer  the 
word  to  the  Anglo-Saxon  striecan,  which  of  the  two  seems  to  us  to 
be  the  more  likely.  The  word  "  stroke,"  which  is  the  result  of  the 
act  of  striking,  is  derived  from  the  same  source  or  sources  above 
named.  Further,  when  we  say  that  an  object  is  "hit,"  we  mean 
that  it  has  received  a  stroke  more  or  less  strong  from  a  body  thrown 
or  projected  against  it,  and  the  word  itself  is  derived  from  the 
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Anglo-Saxon  hettan,  to  strike  at^  or  to  reach  some  body  at  a  greater 
or  less  distance. 

The  young  reader  will,  as  he  proceeds,  find  that  he  can  learn 
much  from  the  derivations  of  terms  or  words  in  such  frequent  use 
as  we  here  have  given,  tending  to  make  more  quickly  clear  certain 
phenomena  of  moving  bodies  now  to  be  noticed,  and  in  connection 
with  which  much  of  what  has  been  given  in  preceding  paragraphs 
must  be  considered  by  him. 

Impaet. — Contact  of  Moving  Bodiei. 

The  effects  or  phenomena  of  "  impact,"  arising  from  the  coming  in 
contact  of  two  bodies,  may  be  illustrated  by  first  supposing  the  bodies 
to  be  moving  in  the  same  direction,  and  secondly,  to  be  moving  in 
opposite  directions.  And  here,  before  giving  our  examples,  it  will  be 
well  to  give  the  derivation  of  the  word  we  have  now  used — "  con- 
tact,'' as  it  is  one  continually  turning  up  in  mechanical  description. 
It  is  derived  from  the  Latin  word  contacttiSy  and  this  from  con,  with, 
and  tanc^ere,  to  touch ;  thus,  when  the  surfaces  of  two  bodies  touch 
each  other,  they  are  said  to  come  in  "contact"  with  each  other. 
This  contact  may  be  so  gently  brought  about  that  there  is  no  obvious 
or  perceptible  change  of  conciition  or  position  of  the  two  bodies.  But 
the  circumstances  are  very  different  when  one  or  other  of  the  bodies 
has,  or  if  both  have  motion,  and  that  also  according  as  they  are 
moving  either  in  the  same  way  or  direction,  or  in  opposite  directions. 
And  here  it  is  necessary  to  state  that  the  phenomena  attendant  upon 
cases  of  impact  of  moving  bodies  are  more  or  less  influenced  by  what 
is  called  the  ^'condition"  of  the  bodies — ^that  is,  the  nature  and 
arrangement  of  their  physical  constituents,  frequently  spoken  of  as 
their  "  mechanical  condition."  This  involves  considerations  connected 
with  "  hardness  "  and  "  elasticity,"  both  of  which  properties  of  bodies 
will  be  described  in  future  paragraphs.  Meanwhile  we  assume  that 
bodies  are  either  absolutely  elastic  or  non-elastic — which  is,  however, 
only  an  assumption  here,  and  which  in  practice  must  be  guarded 
against  by  the  machinist,  as  there  are  in  reality  no  bodies  free  from 
elasticity — that  is,  absolutely  non-elastic,  on  the  other  hand  none 
absolutely  or  perfectly  elastic.  If  two  bodies,  both  of  them  free  from 
elasticity,  move  on  in  the  same  direction  but  at  different  rates  of 
speed  or  velocities,  and  one  of  the  bodies  overtakes  the  other — or,  as 
we  should  say,  impinges  upon  it  or  comes  in  contact  with  it — ^the 
force  or  momentum  and  the  velocity  of  both  or  of  the  two  bodies  is 
the  sum  or  amount  of  the  force  in  each.  If  one  of  the  bodies  be 
larger  than  the  other  or  of  greater  "  mass,"  and  it  comes  in  contact 
with  the  smaller  body  in  a  line  coincident  with  that  joining  their 
centres,  the  large  body,  which,  possessing  the  greater  momentum,  is 
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distinguished  as  the  stronger,  loses  a  portion  of  its  momentum^  while 
that  of  the  smaller  and  weaker  body,  disappearing,  receives  a  portion 
of  the  force  of  the  larger  body,  and  both  move  with  a  reduced  velocity 
or  lower  speed.  Where  a  large  body  is  at  rest,  and  is  impinged  upon 
by  a  smaller  body  which  is  in  motion,  the  motion  will  be  given  to  the 
larger  body,  but  both  move  on  with  a  reduced  velocity  or  a  lessened 
speed.  Thus,  if  we  suppose  that  a  ball  weighing  2  lb.,  and  moving 
with  a  speed  of  20  ft.  to  the  second,  comes  in  contact  with  or  impinges 
upon  another  ball,  which  is  at  rest,  and  which  weighs  500  lb.,  the 
velocity  with  which  the  two  balls  will  then  move  on  will  be  found  by 
multiplying  the  speed  of  the  small  ball  by  its  velocity^  which  will 
give  the  divisor  by  which  the  sum  of  the  mass  or  weight  of  the  larger 
hsMpliia  unity  is  to  be  divided  :  thus  500-7-20=25.  When  a  ball  of 
a  hard  and  elastic  substance,  as  ivory,  strikes  another  ball  of  the 
same  material  with  a  given  velocity,  both  balls  being  of  equal  size, 
the  first  or  striking  ball  comes  to  a  standstill,  while  the  second  or 
struck  ball,  or  that  which  was  at  rest,  moves  or  darts  on  with  the 
same  velocity  or  speed  as  the  first  or  striking  ball  possessed.  If  there 
be  a  number  of  elastic  balls,  all  of  which  are  in  contact  with  each 
other,  all  the  centres  lying  in  the  same  line  and  all  the  balls  of  equal 
mass, — and  a  ball  of  the  same  material  and  mass  be  propelled  or 
drives  up  in  the  same  line  as  the  line  of  centres  of  the  balls  ai^  rest, 
and  acting  as  the  striking  ball,  when  that  comes  in  contact  with  or 
impinges  upon  the  first  or  nearest  or  "  struck  "  ball,  the  last  in  the 
row  or  the  farthest  receives  the  motion,  and  darting  off  moves  away 
in  the  same  line  and  at  the  same  speed-  at  which  the  striking  ball 
moved,  while  the  striking  baU  itself  and  all  the  other  balls  would 
remain  at  rest.  These  instances  are  given  as  exemplifying  the  pheno- 
mena  of  bodies  moving  in  the  same  direction,  and  where  impact  takes 
place;  but  the  latter  examples  of  elastic  bodies  are  illustrations  of 
another  law,  to  be  noticed  in  the  following  paragraph.  Where  two 
bodies  of  the  same  mass  or  weight,  but  moving  in  opposite  directions, 
come  in  contact  in  the  lines  of  their  centres,  the  shock  or  concussion 
arising  from  the  collision  is  not  that  due  to  the  force  or  momentum 
of  the  bodies,  but  is  represented  by  the  sum  of  the  two ;  or  the  shock 
or  effect  is  doubled.  This  accounts  for  the  difference  between  the 
painful  effects  resulting  from  one  man  who  is  running  quickly  coming 
up  against  or  in  collision  with  a  man  who  is  standing  still,  and  those 
the  result  of  two  men  comiog  in  contact  when  both  are  running  at 
the  same  speed.  Hence  the  "  shock,"  which  the  reader,  bearing  in 
mind  what  has  been  stated  in  a  preceding  paragraph,  will  see  is  the 
term  used  to  denote  the  effect  on  momentum  if  impact  is  doubled ; 
and  if  the  speed  of  the  two  men  were  unequal  the  shock  would  be 
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represented  by  the  sum  of  the  two  forces.  Hence  also  the  shock 
would  be  the  same  to  both,  if  both  were  running  at  the  rate  of  four 
miles  an  hour,  or  if,  while  one  was  standing  still,  another  man  came 
in  contact  with  him  who  was  running  at  double  the  speed  or  eight 
miles  an  hour.  This  also  accounts  for  the  disastrous  efifect  of  the 
collision  of  two  steam-vessels  going  in  opposite  directions,  but  at  such 
slow  speeds  that  one  ignorant  of  the  law  is  surprised  that  so  much 
damage  has  been  done.  But  this  damage  or  shock  is  in  reality  as 
the  sum  of  the  two  speeds ;  so  that  the  vessels  receive  individually  as 
much  injury  as  if  while  the  one  vessel  was  at  rest  the  other  came  up 
against  it  at  a  double  speed.  Much  of  what  has  been  said  in  connec- 
tion with  falling  bodies  in  preceding  paiugraphs  affords  examples  of 
the  terms  used  in  the  paragraphs  we  have  just  given. 

Bepnlflion. 

We  have  hitherto  considered  motion  as  the  production,  so  to  express 
it,  of  the  force  to  which  has  been  given  the  name  of  "  attraction," 
and  which  has  been  considered  in  relation  to  various  phenomena  and 
its  general  laws  explained,  and  how  it  produces  the  different  classes 
of  motion  known  as  "  accelerated  "  and  "  retarded,"  and  another  class 
of  motion  that  is  curvilineal,  yet  to  be  noticed  in  a  future  paragraph. 
But  it  is  obvious  that  if  the  only  force  in  nature  were  that  of  attrac- 
tion, the  result  would  be  that  all  materials  or  substances  would 
simply  rush  towards  each  other,  or  be  compelled,  so  to  say,  to  form 
masses,  and  those  again  attracting  each  other,  form  still  larger  masses; 
so  that,  were  there  no  other  force  at  work  or  in  existence,  the  result 
would  be  the  formation  of  one  solid  mass  of  enormous  dimensions, 
and  that  none  of  the  phenomena  we  have  explained  as  dependent 
upon  the  very  force  of  attraction  itself  could  be  displayed.  We  know 
that  this  condition,  which  pushed  thus  far  is  simply  an  absurdity, 
does  not  exist,  and  that  on  the  contrary,  as  we  have  different  bodies 
of  all  varieties  in  mass,  from  the  atom  or  particle  of  sand  of  the 
smallest  possible  size  up  to  the  huge  rock,  there  must  be  some  other 
force  in  nature  which  brings  those  conditions  into  existence.  To  this 
force  the  name  of  "  repulsion  "  has  been  given.  It  is  derived  from 
the  Latin  repellere,  repvisum,  and  these  from  the  two  words  re,  back 
again,  and  pdlere,  to  drive.  And  this  force  is  defined  as  the  driving 
of  an  object  back  which  approaches  or  attempts  to  approach  another. 
The  force  of  repulsion,  although  it  acts  in  so  subtle  and  unobtrusive 
a  way  in  what  may  be  called  the  ordinary  or  normal  or  natural 
condition  of  bodies  as  not  to  be  readily  taken  notice  of — is  indeed  in 
the  great  majority  of  cases  not  made  obvious  to  the  senses — ^acts  never- 
theless not  merely  in  a  potent  way,  but  in  one-  so  almost  universal 
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that  it  seems  to  act  in  the  case  of  all  bodies.  Indeed,  if  we  consider 
that  as  all  bodies  are  made  up  of  particles  and  atoms  in  a  descending 
scale  of  minuteness,  all  the  atoms  reach  a  condition  of  such  infinite 
smallness  that  the  mind  can  form  no  idea  of  them  as  connected  with 
the  ordinary  conditions  known  as  size,  bulk,  or  dimension — this  force 
of  repulsion  must  exist  in  all  bodies.  If  not,  there  would  be  no 
separate  individuality,  so  to  say,  of  the  constituents  or  particles  of 
bodies ;  for  the  force  of  attraction  which  would  then  only  exist,  would, 
as  we  hare  already  said,  bring  or  cause  the  particles  to  cohere  and 
form  masses.  So  subtle,  yet  powerful,  is  this  "  force  of  repulsion  " 
in  normal  or  ordinary  conditions  of  bodies,  that  it  may  be  said  with 
almost,  if  not  quite  absolute  truth,  that  there  is  no  such  thing  as  the 
existence  of  two  bodies  in  actual  positive  contact.  Thus,  amongst 
his  many  investigations  and  experiments,  the  great  Newton  found 
that  a  ball  of  glass  resting  upon  a  fiat  surface  or  plate  of  the  same 
material  was  so  far  indeed  from  touching  it,  that  even  a  pressure  or 
force  applied  to  the  ball  equal  to  one  thousand  pounds  per  square 
inch  could  not  bring  the  two  into  actual  contact.  How  powerful — 
yet  so  little  evident  to  the  senses  is  it  that  without  the  experiment  no 
one  could  have  imagined  its  existence — must  this  force  be  which 
could  thus,  as  it  were,  keep  the  ball  suspended  in  air  under  so  great 
a  pressure  I  This  force  of  repulsion,  in  what  may  be  called  its  natural 
condition,  exists  so  universally,  that  a  well-known  writer  on  physics 
puts  it  in  this  way — "  that  there  seems  to  be  a  film  of  repulsion,  so 
to  express  it,  covering  the  general  surfaces  of  all  bodies,  and  prevent- 
ing them  uniting  in  absolute  contact,  even  when  they  appear  to  the 
human  eye  so  to  do."  This  property  or  law  of  repulsion  it  is  which 
places  the  various  substances  with  which  man  deals  in  the  industrial 
and  constructive  arts  in  those  conditions  in  which  it  is  necessary  to 
employ  special  means  to  overcome  it.  Hence  arise  all  the  methods, 
some  of  them  mechanical,  some  of  them  chemical,  others  a  combina- 
tion of  the  two,  by  which  bodies  natu!*ally  disjoined  or  which  have 
been  broken  or  placed  asunder  are  joined,  such  as  the  welding  and 
hammering  of  iron,  the  melting  and  soldering  or  brazing  of  metals, 
the  cementing  or  gluing  together  of  stone,  glass  or  wood,  and  many 
other  methods  of  obtaining  continuity  in  mass  of  bodies  known  to  the 
artificer  and  mechanic.  To  this  general  law  of  repulsion  so  acting 
there  are  but  very  few  exceptions ;  so  that  contact  in  the  sense  of 
making  two  or  more  parts  into  one  cannot  be  obtained  by  simply 
pressing  them  together. 

Heat  as  a  Cause  of  Bepnlsioiu 
It  is  scarcely  neciessary  to  remind  the  reader  of  what  he  has  in 
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daily  life  endless  examples  of, — ^that  this  force  of  "  repulsion  "  acts 
with  varying  intensity  in  vai-ious  bodies.  Where  it  acts  forcibly,  we 
have  the  atoms  or  particles  of  necessity  farther  apart  than  in  those 
bodies  in  which  its  power  or  influence  is  less  exerted.  Hence  we 
have  different  conditions  of  bodies  known  as  "  density,"  "  porosity." 
Those  are  purely  relative  terms  :  as,  for  example,  no  body  apparently 
is  absolutely  dense — since  water  can  be  driven,  under  enormous  pres- 
sure, through  the  solid  walls  of  a  globe  of  gold.  This  indeed  follows 
from  what  has  been  said  as  to  the  existence  of  repulsion  in  all  bodies, 
tending  to  prevent  actual  contact  of  the  constituent  particles  of  a 
body  or  mass.  For  if  this  contact  actually  existed  in  the  case  of  the 
particles  or  atoms  of  the  gold,  there  could  obviously  be  no  openings 
or  fissures,  so  to  say,  through  which  the  water  could  be  passed,  no 
matter  what  the  pressure  put  upon  it  might  be.  The  most  powerful, 
at  least  the  source  of  repulsion  most  genei-al,  is  heat.  This  "subtle 
something  "  seems,  like  electricity — which  is  in  certain  conditions  also 
a  source  of  repulsive  force — to  prevail  in  all  matter,  to  be  present  in 
every  substance.  But  like  its  opposite  force — attraction — we  know 
nothing  as  to  what  it  is.  All  that  we  know  in  both  cases  are  the 
phenomena  attendant  upon  the  two  conditions,  circumstances  or  laws 
to  which,  for  lack  of  better  terms,  we  give  the  name  of  "  heat "  as  a 
source  of  the  power  of  "  repulsion,"  and  "  gravity  "  as  that  of  "  attrac- 
tion." And  with  a  knowledge  of  various  phenomena,  man  finds  all 
he  requires  in  practice,  and  does  not  need  for  this  to  enter  into  any 
subtle  and  purely  metaphysical  disquisition  to  show,  or  attempt  to 
show — for  this  is  itself  at  the  very  best  an  attempt — what  "gravity", 
or  what  heat  is.  This  subtle  something,  of  the  real  nature  of  which 
we  know  nothing,  in  its  normal  or  natural  condition  pervades,  as  we 
have  said,  every  substance,  and  is  met  with  everywhere.  Its  opposite 
condition,  to  which  we  give  the  name  of  "  cold,"  is  not  an  absolute 
but  only  a  relative  condition,  implying  that  it  is  a  condition  in  which 
there  is  only  a  lower  degree  of  heat  than  that  existing  in  some  other 
condition.  Cold  considered  as  the  opposite  of  heat  would  be  the 
absence  of  all  heat ;  but  we  reasonably  assume  that  there  is  no  body 
in  this  last  condition  or  state.  For,  low  as  is  the  degree  of  cold — so 
to  use  the  expression,  for  which  there  is  no  other  form  in  our  language 
— which  man  can  produce,  he  could  still  with  more  perfect  appliances 
produce  a  still  lower  degree  of  cold,  or  in  other  words  and  more 
correctly,  a  greater  absence  of  heat.  And,  fortunately  for  the  work 
man  has  to  do,  he  can  with  greater  ease  produce  an  increase  of  heat 
than  a  decrease  of  it.  This  fact  is  familiar  to  every  one  in  this 
country,  more  so  than  in  many  others,  with  the  stores  of  coal  at  our 
command, 

9 


130     THE   TECHNICAL   STUDENT'S   INTRODUCTION  TO   MECHANICS. 

Bodies  in  Kelation  to  the  Heat  or  Temperature  to  which  they  are  subjected.— 
Change  of  Condition  dependent  upon  this. — Practical  Examples. 

With  the  increase  of  heat  we  increase  the  force  of  repulsion,  and 
thus  have  the  power  to  change  naturally  the  condition  of  bodies, 
their  atoms  or  particles  being  more  and  more  separated  as  we  increase 
the  heat,  or,  to  use  the  common  expression,  "  raise  the  temperature." 
In  the  case  of  a  metal,  for  example,  we  first  cause  a  dilatation  or 
extension  of  the  mass;  it  becomes  gradually  softer,  and  in  the 
condition  to  which  we  give  the  name  of  "  melted  "  we  have  the  force 
of  attraction  which  caused  the  particles  to  cohere  or  stick  together 
almost  overcome.  In  the  case  of  a  liquid,  as  water,  as  we  apply 
heat,  or  increase  its  temperature,  we  so  disturb  and  change  the 
molecules  or  particles  of  the  liquid  that  we  ultimately  convert  it  into 
the  condition  of  a  gas  or  air  to  which  we  give  the  name  of  steam. 
This  influence  of  heat  in  increasing  the  force  of  repulsion  is  of  use 
to  man  in  such  an  infinite  variety  of  ways  that  to  give  examples  of 
it  a  large  space  would  be  here  occupied  with  them.  Many  instances 
will,  in  addition  to  those  named  above,  occur  to  the  reader,  and  of 
the  practical  exemplification  of  which,  in  machine  making,  we  shall 
have  occasion  hereafter  to  treat.  And  the  phenomena  of  heat  as 
directly  evidenced  in  the  creation  or  production  of  steam  as  a  source 
of  motive  power,  we  shall,  from  their  importance,  give  a  special  place 
to  in  the  volume  entitled  "  The  Steam  Engine  User."  The  reader 
will,  of  course,  bear  in  mind  that  as  the  increase  of  heat  increases  the 
force  of  repulsion,  the  converse  or  opposite  condition  holds  equally 
true — namely,  that  decrease  of  heat  decreases  the  force  of  repulsion. 
Thus,  if  we  take  a  rod  or  bar  of  iron  in  its  normal  or  natural  con- 
dition, in  which  its  temperature — that  is,  its  supply  of  natural  heat 
at  the  time  being — is  so  low  that  we  say  the  bar  is  cold,  and  apply 
or  rather  supply  heat  to  it  by  one  or  other  of  the  methods  of  "  heat 
application "  at  our  command,  we  increase  the  power  of  repulsion, 
the  particles  are  further  separated,  and  the  bar,  put  under  the 
influence  of  the  property  known  as  "  dilatation,"  increases  in  bulk ; 
but  as  the  bar  or  rod  is  in  length  much  greater  than  in  diameter  or 
breadth,  this  increases  the  length  of  the  bar.  In  practice,  for  the 
term  "dilatation"  that  of  "expansion"  is  used.  Now,  if  in  the 
same  degree  or  proportion  we  decrease  the  heat  or  reduce  the  tem- 
perature— ^which  may  be  done  in  the  readiest  way  by  taking  away 
the  "  heating  application  "  used — so  as  to  allow  the  bar  to  assume 
or  return  to  the  normal  temperature  at  which  it  before  existed,,  we 
have  the  power  or  force  of  repulsion  lessened ;  the  particles  or  atoms 
come  closer  together,  and  the  bar  shortened  recovers  its  regular 
length.     This  process  or  operation  is  known  by  the  name  of  "  con« 
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traction."  A  useful  exemplification  of  this  property  of  dilating  or 
expanding  and  contracting  of  metals,  showing  its  adaptation  to 
mechanical  work,  is  the  "shrinking  on"  of  iron  bands  or  straps  on 
parts  of  machines,  etc.,  the  most  familiar  example  of  which  is  the 
"  shrinking  on  '*  of  the  iron  tire  of  a  cart-wheel.  Another  is  the 
loosing  of  fast  bound  "nuts"  of  screw  bolts.  The  nut  is  grasped  by 
a  pair  of  tongs  made  red  hot ;  the  heat  is  communicated  to  the  nut 
in  a  quicker  time,  of  course,  than  it  is  to  the  screw  bolt  inside  of 
it ;  the  nut,  therefore,  dilates  and  becomes  looser,  so  as  to  be  moved 
by  the  spanner. 

The  same  principle  named  in  preceding  paragraphs  as  exemplified 
in  the  loosening  of  fast-bound  nuts  of  screw  bolts  is  exemplified  in 
the  simple  process  of  releasing  the  glass  stopper  of  a  bottle  which  has 
got  "  fast "  in  the  "  neck.''  By  applying  heat — more  than  one  way 
i^fiay  suggest  itself  to  the  student  of  doing  this — to  the  outside  of  the 
neck,  if  all  round  it,  the  glass  of  this  part  will  expand,  and  this  con- 
siderably before  the  stopper  itself  feels  the  influence  of  the  heat,  and 
expanding,  will  force  itself,  so  to  say,  from  the  surface  of  the  stopper, 
which  wUl  then  be  loosened.  Jf  we  suppose  that  the  stopper  was  at 
the  same  time  cooled  below  its  normal  temperature,  it  would  contract, 
and  the  contraction  proceeding  along  with  the  expansion  of  the  neck 
would  make  the  operation  of  releasing  the  fast  stopper  the  more 
quickly  done.  The  reader,  as  he  advances  in  the  practice  of  his  art, 
will  find  its  principle  as  exemplified  in  this  simple  case  still  more 
practically  so  as  regards  the  phenomena  of  contraction  and  expansion. 
In  the  case  of  the  bar  or  rod  of  iron  above  cited,  and,  indeed,  in  all 
bodies  in  the  ordinary  condition  in  which  they  exist,  the  forces  of 
attraction  and  repulsion  may  be  considered  as  exactly  counteracting 
each  other,  so  that  there  is  a  balance  maintained  between  them. 
And  it  is  only  by  changing  this  normal  condition  that  the  balance  is 
destroyed,  and  according  to  the  character  of  the  change,  we  give  to 
the  one  force  a  greater  power  than  the  other. 

Dilatation— Expansion  of  Bodies. 

This  we  have  exemplified  in  the  case  of  the  bar  first  heated  and 
then  altered  to  cool — the  heat  giving  the  repulsion  or  the  acting 
power,  its  withdrawal  making  the  contracting.  The  term  dilatation 
is  derived  directly  from  the  French  verb  dilater,  and  this  from  two 
Latin  words,  dis,  andlatv^f  wide.  Dilatation  may,  therefore,  be  defined 
as  the  expansion  of  a  body  through  the  "widening"  of  the  spaces 
between  its  particles  or  molecules.  And  a  further  light  on  this,  and 
the  cause  of  the  condition,  may  be  gathered  from  the  fact  that  the 
term  latus,  wide,  is  the  past  participle  of  the  verb /erre,  to  carry — the 
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widening  effect  being  the  carrying  of  the  heat  to  the  particles  of  the 
body.     The  word  "expansion,"  which  we  have  said  is  practically  a 
popular  one  for  dilatation,  is  derived  directly  from  the  Latin  verb 
expandere,  and  this  from  ex,  from,  and  parhdere,  to  spread  out ;  so 
that  expansion  means  that  condition  of  a  body  in  which  the  particles 
are  spread  out  from  each  other.    "  Contraction,"  which  is  the  converse 
or  opposite  condition  to  expansion,  is  derived  directly  from  the  French 
contracter,  and  this  is  derived  from  the  Latin  words  con,  with,  and 
trahere,  to  draw  or  pull.     So  that  the  term  means  that  a  body  is  in 
that  condition  in  which  the  particles  are  drawn  or  pulled  close  together 
with  a  certain  force,  which  in  the  instances  above  named  is  the  reduc- 
tion of  the  temperature  of  a  body,  or  the  lessening  of  that  heat  which 
was  before  present  in  it.     In  the  preceding  paragraph  we  have  given 
a  few  illustrations  of  the  way  in  which  the  contraction  and  repulsion 
of  bodies  are  exemplified  in  mechanical  work.     Simple  as  these  illus- 
trations were,  they  contain  the  germ,  as  it  were,  of  a  wide  range  of 
facts  in  connection  with  the  practical  work  of  the  mechanic.    It  may, 
indeed,  be  questioned  whether  there  be  any  more  important  branch  of 
mechanics  than  that  illustrating  the  laws  of  contraction  and  expansion. 
Those  in  one  sense  may  be  said  to  be  convertible  terms — at  least,  in 
practice  they  are  frequently  so ;  in  some  structures  which  are  wholly 
metallic,  and  which  are,  therefore,  good  heat  conductors,  and  because 
so  good  "  receivers, "  as  wide  as  good  "  dispensers  "  or  givers-out  of 
heat,  the  two  conditions  of  contraction  and  expansion  are  continually 
interchanging.     So  much  so  that  it  is  the  literal  truth  that  there  is 
no  metallic  structure,  be  it  the  framework,  say  of  a  machine,  or  of  a 
bridge,  of  which  it  can  be  said  that  it  is  at  any  time  at  rest.     There 
is,  on  the  contrary,  a  continuous  movement,  but  varying  both  in 
direction  and  in  extent  according  to  the  variations  of  temperature, 
which  practically  is  never  at  any  stated  degree.     And  by  delicate 
adjustment  of  apparatus  the  structure  could  be  made*  to  register  or 
record  all  its  movements  and  their  amount.     It  is  thus  difficult  to 
say  in  what  part  of  a  machine,  or  what  is  called  a  stable  structure, 
some  of  the  phenomena  of  contraction  and  expansion  may  not  be 
operating  to   bring  about  a  change  which   may   be  more  or  less 
disastrous  to  its  life   or  working   capacity.     It  is,  therefore,   the 
duty  of  the  mechanic  to  be  careful  that  he   so  designs  the  parts 
and  BO  arranges  the  details  of  the  construction  of  the  machines  he 
deals  with,  that  those  characteristics  of  the  materials  he  uses  which 
we  are  now  treating  of  may  be  prevented  from  so  displaying  them- 
selves as  to  bring  about   what   every   mechanic   in   large   practice 
knows  but  too  well  the  danger  and   the  costly  nature  of — namely 
**  break-downs." 


THE  TECHNICAL   STUDENT'S   INTRODUCTION  TO   MECHANICS.    133 

Centre  of  Gravity. 
Bsfore  proceeding  to  place  before  the  youthful  reader  various  points 
connected  with  the  motion  of  bodies  which  have  a  direct  and  special 
bearing  on  certain  principles  affecting  mechanical  work,  such  as  the 
way  in  which  motion  is  modified  by  changes  in  the  shape  or  form  of 
the  moving  bodies,  etc.,  etc.,  it  will  be  as  well  to  take  up  at  this 
point  the  subjects  of  "  Centres  of  Gravity  "  and  "  Specific  Gravity." 
And  first  as  to  the  "  Centre  of  Gravity."     If  the  young  reader  has 
carefully  read — which,  according  to  the  views  enunciated  in   the 
volume  in  this  series  under  the  head  of  '*  The  Technical  Workman  as 
a  Student :  How  to  Study  and  what  to  Study,"  is  a  term  equivalent 
to  carefully  considered  or  studied — what  we  have  written  on  this 
subject,  he  will  have  no  difliculty  in  understanding  this  statement. 
In  every  body,  no  matter  how  bulky  (see  "Bulk"  in  a  preceding 
paragraph)  or  massive  or  large,  and  no  matter  how  great  its  weight 
(see  "  Weight ") — that  is,  however  heavy,  and  whatever  may  be  its 
shape,  figure,  form  or  configuration,  there  is  a  point  in  it  in  which 
that  weight  is,  so  to  say,  concentrated,  and  which  has  a  precise  and 
definite  relation,  and  one  uniformly  maintained  so  long  as  its  weight 
and  shape  remain  u^ialtered,  which,  if  acted  upon  by  a  force,  or  upon 
which  if  power  or  energy  be  exerted,  will  influence  the  whole  mass 
of  that  body.     (See  "  Mass,"  in  a  preceding  paragraph.)     This  is 
equivalent  to  saying  that,  if  a  body  or  mass  of  material  be  at  rest, 
and  a  force  or  power  be  applied  to  this  particular  or  definite  point 
calculated  to  put  that  point  in  motion,  the  whole  body  or  mass  will 
be  put  in  motion.     The  converse  of  this  is  also,  and  must  be,  equally 
true :  that  if  the  body  or  mass  be  already,  or  supposed  to  be  already, 
in  motion,  then,  if  a  force  be  applied  at  that  point  sufficiently  power- 
ful to  stop  or  arrest  the  motion  of  this  particular  definitive  point  in 
the  mass  or  body,  the  motion  of  the  whole  body  or  mass  will   be 
arrested.     If  the  young  reader  will  think  over  what  is  involved  in 
these  statements,  he  will  perceive  that  they  come  to  the  same  thing 
as  saying,  or  they  mean,  that  the  mass  or  series  of  molecules  of  which 
the  body  is  composed  has  those  molecules  so  disposed  that  they  must 
be  distributed  equally  all  round — to  use  a  familiar  phrase  which  gives 
a  clear  idea  of  what  is  meant — that  point.     In  other  words,  that 
there  will  be  no  greater  number  of  molecules,  or  no  greater  weight  of 
materials,  at  any  one  side  of  the  body  than  at  another ;  and  this  will 
be  true  at  all  parts  of  the  body.     This  will  enable  the  young  reader 
to  see  clearly,  what  he  might  not  have  done  on  first  consideration  of 
the  subject,  that  this  **  point,"  in  all  bodies,  must  be,  to  use  the 
popular  and  easily  understood  phrase,  central  to  those  bodies — ^which 
is  but  another  way  of  stating  that  this  definite  point  V9  havQ  so  far 


134   THE   TECHNICAL   STUDENT'S   INTRODUCTION   TO   MECHANICS. 


been  considering  as  present  in  every  body,  is  its  ''centre,"  This  term 
is  derived  from  the  Latin  word  centruniy  and  this  again  comes  from 
the  Greek  kentrin,  to  prick,  as  with  a  needle,  or  make  a  point ;  just 
as  one  would,  in  making  the  central  point  or  centre  of  a  circle,  prick 
off  a  point  with  a  needle  or  sharp  point  of  the  leg  of  the  compasses 
with  which  he  described  the  circle ;  and  this  he  would  say,  and  say 
truly,  was  the  "  centre  "  of  the  circle.  This  illustration,  referring, 
as  it  does,  to  surface  only,  the  young  reader  may  easily  understand ; 
but  it  may  not  appear  to  him  so  apposite,  or  easily  comprehended,  in 
the  case  of  a  solid  body,  such  as  a  globe  or*  sphere,  or,  to  give  it  its 
familiar  name,  a  ball.  But  if  he  will  think  it  over  a  little,  he  will 
see  that  the  "  point "  we  have  been  explaining  as  belonging  to  all 
bodies  must,  in  the  case  of  a  ball  or  globe,  be  in  that  portion  in  which 
the  mass  of  molecules  at  all  positions  are  equally  distant  from  it ;  so 
that,  to  give  a  graphic  illustration  of  the  point,  if  any  part,  as  a,  be 


Fig.  6. 

taken  distant  from  h  (see  ^g.  6),  the  mass  e  will  be  at  a  distance  from 
it  of  the  same  length,  jusfc  as  c,  d,  and  e  are  equally  distant  from  b. 
This  point  b  is  the  centre  of  the  ball ;  and,  if  the  young  reader  will 
consider  it,  he  will  see  that  if  the  ball  were  somehow  or  another  sus- 
pended from  that  point  b,  it  would  be  said  to  be  balanced.  The  same 
holds  true  of  any  solid  body,  whatever  its  shape  may  be :  equally 
true  of  a  cube,  of  which  all  the  sides  are  equal,  asefghij  in  fig.  6, 
the  centre  of  this  being  a  point  in  which  the  lines  passing  through 
the  points  ^,  I,  m,  of  the  sides  would  intersect  each  other  within  the 
body  or  mass  of  the  cube. 

It  is  obviously  more  easy  to  decide  where  this  central  point  is  in 
the  case  of  a  regular  body,  such  as  the  globe  or  the  cube,  or  as  in  the 
prisms,  rectangular  as  at  n,  or  triangular  as  at  o,  than  it  is  in  the 
case  of  bodies  or  masses  such  as  q  and  r,  which  do  not  assume  the 
form  of  any  of  the  bodies  known  as  the  geometrical  or  regular  solids. 
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But  such  bodies,  however  irregular,  have  also  their  central  or  balancing 
points.  The  young  reader  may  have  some  difficulty  in  comprehending 
how  such  solid  bodies  as  we  have  shown  in  fig.  6  can  be  balanced,  so 
to  say,  upon,  or  be  suspended  from,  the  central  point,  which  is  vdthin 
the  mass.  But  he  will  more  readily  understand  the  point  under 
consideration  if  he  take  the  case  of  a  thin  flat  board,  of  which  a  6  in 
fig.  7  represents  the  flat  or  upper  side,  and  c  d  the  edge.  By  draw- 
ing lines  to  the  opposite  corners,  the  point  e  of  their  intersection 
will  be  the  point  on  which,  if  the  board  be  placed  on  a  sharp-pointed 
support,  /,  it  will  be  found  to  be  balanced  in  all  positions  it  may  be 
made  to  assume.  This  balancing  point  will  only,  however,  be  m  the 
position  at  e  if  the  board  be  of  equal  thickness  throughout  its  whole 
length,  and  be  made  of  wood  equally  heavy  throughout.  If  the  end 
€  6  is  through  any  cause  heavier  than  the  end  e  a,  then  the  balancing 
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Fig.  7. 
point  e  will  have  to  be  moved  nearer  the  end,  say  to  ^,  before  it  can 
be  balanced,  as  at  ^,  in  the  same  way  as  it  was  balanced  on  the  point 
e  at/.  And  if  the  young  experimenter,  with  a  board,  as  a  b,  having 
its  end  e  h  heavier  than  the  end  e  a,  assumed  that  the  point  e  at  the 
intersection  of  the  diagonals  was  the  centre  of  balancing,  on  attempt- 
ing to  support  it  oh  the  needle-point  /,  he  would  find  that  he  would 
not  succeed.  For  although  it  is  true  that  the  point  e  is  a  centre,  it 
is  only  the  centre  of  the  surface  of  the  board  a  6,  with  the  end  e  h 
heavier  than  end  e  a  j  it  is  not  the  centre  of  the  weight  of  the  body, 
which  alone  is  the  point  which  we  for  the  present  call  its  balancing 
point.  The  principle  here  involved  is  that  it  is  not  the  circumstance 
or  quality  of  the  "  dimensions  "  of  a  body  or  mass  which  decides  the 
position  of  this  central  or  balancing  point,  but  that  of  the  "  weight " 
— or,  as  the  popular  phrase  is,  its  heaviness — only.  As  this  principle 
is  of  importance,  we  further  illustrate  it  by  simple  diagrams  in  fig.  7, 
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in  which  i  is  the  centre  of  the  surface  of  the  same  board,  j  k  I  m 

being  the  point  of  intersection  of  the  diagonals  m  kyj  I,    If  the  board 

be  of  equal  thickness,  and  the  wood  also  homogeneous  throughout, 

then  this  centre  of  dimension  will  be  the  balancing  point,  as  shown 

at  n.     But  if  the  side  kl  ol  the  square  board  be  heavier  than  mj,  as 

by  having  a  sheet  of  lead  or  another  piece  of  wood  fastened  to  it ;  or 

if  the  side  A;  ^  be  thicker,  as  at  o,  than  J  w,  then,  while  the  "centre 

of  surface  "  or  of  "  dimension  "  remains  as  before — this  being  always 

definite  with  the  definite  shape — the  centre  or  balancing  point  will  be 

changed,  as  at  o.    The  same  holds  true  of  any  form — say  of  a  circular 

board,  the  centre  of  dimension  or  surface  of  which  is  obviously  the 

centre  of  the  circle.    And  this  will  be  also  the  "  centre  of  balancing  " 

or  "  centre  of  weight,"  if  the  circular  board  be  of  equal  thickness  and 

density  throughout,  as  at  ^ ;  but  if  the  disc  or  board  be  weighted,  as 

at  r,  or  be  made  thicker,  as  at  «,  then  the  centre  of  weight,  or 

balancing  point,  will  be  different  from  that  of  the  centre  of  surface 

or  dimension. 

Further  Points  connected  with  the  Centre  of  Gravity  or  Centre  of  Weight, 
or  the  Balancing  or  Central  Point  of  Bodies  or  Masses. 

In  the  preceding  paragraph  we  have  illustrated  the  method  of 
finding  the  balancing  point  of  regularly-shaped  bodies  :  in  now  show- 
ing how  irregularly-shaped  bodies  can  have  their  balancing  or  central 
points  obtained,  further  points  connected  with  what,  in  the  principles 
of  mechanics,  is  called  the  "  centre  of  gravity,"  will  be  explained. 
Let  ah  c  d,  fig.  8,  be  the  body  with  an  irregular  outline.  Let  e/  be 
a  plumb  line  or  plummet,  which  can  be  simply  made  by  securing 
some  heavy  body,  as  a  piece  of  lead,  to  the  end  of  a  piece  of  cord ;  or, 
if  the  body  be  small  and  light  enough,  hold  it  in  the  one  hand,  keep- 
ing the  extremity  of  the  cord  of  the  plummet  firmly  fixed  at  any 
point,  e,  near  the  outer  edge ;  and  allowing  the  plummet  f  to  hang 
freely.  Draw  a  line  lightly  along  the  cord  e  ^,  so  as  to  mark  accu- 
rately its  position  across  the  surface  of  the  body.  Change  now  the 
position  of  this,  and  suspend  it,  as  before,  with  the  extremity  of  the 
cord  held  at  some  other  point,  as  g,  allowing  the  plummet  i  to  hang 
freely.  Then  mark  the  position  of  the  plummet  line  g  h  across  the 
surface  of  the  body.  This  will  now  have  two  lines,  as  w  ^,  A;  m,  on  its 
surface,  intersecting  in  the  point  o.  Tliis  is  the  balancing  point  of 
the  body  abed.  In  like  manner  the  point  p  is  found  for  the 
irregular  body  q  r.  Any  weight,  as  t  in  fig.  8,  suspended  by  a  flex- 
ible cord,  u  V,  and  allowed  to  hang  freely,  always  hangs  vertically — 
that  is,  the  line  of  suspension,  as  2*  v,  is  always  a  true  perpendicular 
to  the  horizon,  represented  by  the  horizontal  line  x  y.  Hence  "  plumb  " 
or  "  plummet  lines  "  and  "  vertical  lines  "  are  synonymous,  meaning 
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precisely  the  same  thing.  And  the  mechanic's  plumb  line  is  the 
means  of  finding  truly  vertical  lines — that  is,  perpendicular  to  the 
horizon  or  ground  level;  and  what  is  called  the  ''mason's  level"  is 
simply  a  frame  in  which  a  small  plummet  is  suspended,  by  which  he 
knows  when  his  wall  or  other  surface  is  level — that  is,  parallel  to  the 
horizon  or  at  right  angles  to  a  plumb  or  vertical  line — from  the 


V^ 


Fig.  8. 

circumstance  that  when  the  base  of  his  appliance  is  placed  or  rests 
upon  the  horizontal  or  truly  level  wall  surface,  the  plummet  hangs 
vertically.  From  what  has  been  said  on  the  subject  of  the  **  attrac- 
tion  of  gravitation" — or,  as  it  is  more  simply  called,  "gravitation" — 
in  preceding  paragraphs,  the  young  reader  knows  that  if  a  body  be 
suspended  at  some  distance  from  the  ground  level  and  allowed  to 
drop,  as  the  plumb  t  in  fig.  8  M^otild  drop  if  the  cord  u  v  were  suddenly 
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cut,  it  will  fall  towards  the  ground,  and  this  in  a  vertical  or  plumb 
line,  which,  if  continued  indefinitely,  would  pass  through  the  centre 
of  the  earth,  which  is  virtually  the  centre  of  the  attraction  of  gravi- 
tation, so  called.     From  this  tendency  in  a  body  to  fall  or  gravitate — 
which,  popularly  phrased,  is  in  virtue  of  its  weight  or  gravity — it 
follows  that  if  the  body,  as  at  «,  ^g,  8,  be  prevented  from  falling  till 
it  reaches  the  final  point  of  all  falls,  drops,  or  descents  (namely,  the 
earth's  surface,  or  some  body  resting  on  this),  and  this  because  of  its 
being  suspended,  as,  say,  by  the  cord  u  v,  the  body,  w,  must  always 
be  below  the  point  of  suspension;  and  the  centime  of  balancing,  as 
V  in  fig.  8,  must  be  a  point  on  a  line  passing  vertically  from  the  point 
of  suspension,  w,  which,  if  continued  indefinitely,  would  pass  through 
the  centre  of  the  earth :  in  other  words,  the  line,  as  u  v,  would  be 
vertical,  as  a  plumb  line,  or  at  right  angles  to  the  horizon.     All 
circles — and  the  periphery  of  a  globe  is  a  circle — are  polygons  made 
up  of  an  infinite  number  of  short  straight  lines.     Any  long  flat  body 
resting  on  the  surface  of  a  small  globe  may  touch  it  apparently  at 
one  point ;  if  the  globe  be  larger  it  will  rest  upon  more  than  one 
point  or  part  of  the  surface ;  and  if  the  globe  be  very  large  the  flat 
body  will  seem  to  rest  upon  a  very  extended  part  of  the  surface  of 
the  globe — as  if  that  surface  were  flat,  like  the  body  resting  on  it, 
Now,  our  globe  is  of  dimensions  so  enormous,  as  compared  with  any 
structure  which  man  builds  or  erects  upon  it,  that  to  all  practical 
purposes  it  is  a  dead  level — so  that  all  lines  or  surfaces  parallel  to  it 
are  called  "  level "  lines — which  means  that  they  are  horizontal,  as 
being  parallel  to,  or  coincident  with,  the  horizon,  which  is  a  line 
supposed  to  stretch  right  across  the  visible  circle  of  the  heavens  at 
the  level  of  the  surface  of  the  earth  or  globe.     These  points  now 
given,  the  youthful  reader  will  see  as  we  proceed,  have  a  very  prac- 
tical bearing  upon  stability  in  construction  of  all  kinds — in  other 
words,  on  security  in  all  the  structures  which  man  erects  or  builds. 
And  they  arise  from  the  tendency  which  all  bodies  have  to  fall  to 
the  surface  of  the  earth — that  is,  to  pass  through  a  space  between 
what  is  called  popularly  a  high  and  a  low  level — if  allowed  to  fall  or 
drop.     And,  as  we  have  seen,  all  bodies  are  dominated,  so  to  say,  by 
a  central  point,  which  we  have  hitherto  called  a  balancing  point,  or 
centre  of  weight,  and  which  last  expression  is  equivalent  to  the  one 
generally  used — the  "centre  of  gravity."     And  we  have  seen  that 
this  centre  varies  in  position  in  relation  to  the  mass  or  bulk  of  the 
body ;  and  it  is  again  on  the  relation  this  "  centre  of  gravity  "  or 
*'  balancing  point "  of  bodies  bears  to  the  earth's  surface,  or  any 
surface  on  which  the  bodies  rest,  that   their  stability  or  security 
depends. 
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lUnstrations  of  the  Gentre  of  Oravity  of  Bodies  as  inflaencing  their  Stability 

or  the  Keohanioal  Beourity  of  Stmotures. 

We  have  seen  that  the  terms  "  central  point,"  "  balancing  point," 
*'  centre  of  weight "  and  "  centre  of  gravity "  all  mean  the  same 
thing,  but  that  the  latter  is  the  established  or  universally  accepted 
term.  There  is,  however,  another  term  which  is  synonymous  with 
thope  npw  named  :  this  is  the  "  centre  of  inertia."  The  reason  for 
this  the  young  reader  will  perceive  when  he  considers  what  we  said 
in  commencing  our  remarks  on  this  subject  of  the  centre  of  gravity : 
that  this  central  point  of  bodies  is  that  point  to  which,  if  a  force  be 
applied  exerting  upon  it  a  certain  influence,  that  influence  is  exerted 
upon  the  whole  body  or  mass.  If,  for  example,  that  force  suffices  to 
move  the  central  point  of  a  body  which  is  at  rest,  and  to  set  it  in 
motion,  it  sets  the  whole  body  in  motion ;  just  as,  conversely,  if  the 
central  point  of  a  body  which  is  in  motion  is  influenced  by  a  force, 
or  power,  or  energy  which  stops  it,  it  stops  or  arrests  the  whole  mass 
or  body.  The  young  reader  may  have  a  difficulty  to  see  at  first  sight 
that  this  must  theoretically  be  so,  and  it  is  necessary  that  he  should 
understand  the  point.  Nor  are  we,  in  saying  this,  overlooking  what 
he  may  advance — namely,  what  can  be  the  use  of  saying  anything 
about  applying  a  force  to  the  central  or  balancing  point  of  a  body, 
seeing  that  that  point  is  enveloped,  so  to  say,  in  a  mass  of  matter 
or  molecules  so  that  it  cannot  be  reached  ?  This  objection,  in  point 
of  fact,  is  in  one  way  a  sound,  indeed  a  common-sense  one,  inasmuch 
as  in  practice,  in  everyday  work,  when  we  apply  a  force  or  use  a 
power  or  develop  an  energy  to  move  a  body,  as  in  putting  out 
muscular  exertion  of  our  own  body  upon  it,  this  application  is  made 
externally — that  is,  we  place  our  hand  upon  the  outside  of  the  body 
or  mass  to  be  moved — and  that,  even  if  we  would,  we  could  not 
reach  to  or  get  at  the  central  point  of  the  mass.  So  that  (our  young 
reader  may  go  on  to  say)  it  would  be  more  to  the  purpose  if  we  said 
that  if  we  move  the  outside  part  of  the  mass  or  body  we  move  the 
central  part,  or  what  we  have  said  is  the  centre  of  inertia,  as  also  it 
is  the  centre  of  gravity.  All  this  is  quite  true ;  nevertheless  we  say 
that  it  is  necessary  that  the  young  reader  should  comprehend  what 
we  have  stated  :  that  in  affecting  the  centre  of  inertia  or  gravity — 
the  two  being,  as  we  have  stated,  synonymous — ^we  affect  the  whole 
mass  or  body.  For  this,  he  will  see  presently,  is  that  which  affects 
the  whole  of  the  phenomena  of  the  stability  of  constructions  dealt 
with  by  the  community :  that  it  is  the  relation,  as  we  have  already 
stated,  which  the  central  point  of  a  mass  or  its  centre  of  gravity 
bears  to  the  whole  mass,  and  to  the  base  upon  which  the  construction 
or  body  stands,  that  aflects  and  brings  about  its  stability  or  otherwise. 
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We  proceed  now  to  show  how  this  is  so,  taking  up,  in  the  first  place, 
the  points  affecting  the  stability  of  bodies  at  rest  or  stationary. 

moBtrations  of  the  Centre  of  Gravity  as  affeoting  the  Stability  of 

Bodies  at  Best. 

We  may  safely  take  it  for  granted  that  there  are  but  few  who 
would  not  be  able  at  once  to  say  which  of  two  bodies  was  the  more 
stable  or  secure,  or,  to  use  the  popular  phrase,  firm — one  of  which 
was  broad  and  low,  the  other  narrow  and  very  high.  Of  those  two 
bodies  we  seem,  as  it  were,  to  know  intuitively  that  the  tall  or  narrow 
object,  as  a  5  c  in  £g,  9,  would  be  more  easily  overturned,  as  we 
should  say,  than  the  broad  and  low  object,  d  e  /  g.  We  shall  see 
presently  that  this  term  "overturned"  carries  with  it  what  will 
make  some  of  the  theoretical  points  connected  with  the  subjects  now 
being  considered  easily  and  practically  understood.    Stated  generally, 


Fig.  9. 

the  stability — or  steadiness,  to  use  the  popular  phrase— of  any  object 
which  we  suppose  in  our  illustrations  to  be  placed  upon,  standing  or 
based  upon  the  ground  or  earth  surface,  depends  first  upon  the  fact 
whether  its  centre  of  gravity  or  balancing  point  is  well  within  its 
base  or  foundation ;  which  condition  involves  what  may  be  in  itself 
the  second  condition  of  stability — namely,  that  in  which  it  is  a 
difficult  thing  to  turn  over  or  change  the  position  of  the  centre  of 
gravity  from  its  normal  position  within  the  base  or  foundation ;  so 
that  it  is  changed  to  a  position  beyond  or  outside  of  the  base.  It 
will  be  seen  presently  that  the  one  of  those  two  conditions  involves 
the  other,  and  that  as  a  consequence,  when  the  centre  of  gravity 
falls  or  is  made  to  fall  beyond  or  outside  of  the  base,  the  object  or 
body  turns  over,  and  falls,  as  the  popular  phrase  is.  Let  the  young 
reader  remember  what  we  have  said  in  a  preceding  paragraph, — that 
if  the  csentre  of  gravity  of  a  body  be  left  free  to  move,  as  the  plummet 
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or  ball  t  in  ^g.  8,  when  the  cord  u  v  is  cut  or  loosened  from  its 
fastening  at  u,  it  drops  vertically,  and  this  in  a  direction  tending  to 
the  centre  of  the  earth,  amd  that  with  the  movement  of  the  centre 
of  gravity  the  whole  body  or  mass  moves.  Assume  now  that  the 
point  h  in  ^g.  9 "is  the  centre  of  gravity  of  the  body  d  e/g — which 
in  form  or  shape  is  what  is  technically  termed  a  ''truncated  pyramid." 
This  is  obviously  well  within  the  hase/g,  and  it  also  lies  low.  We 
shall  see  presently  how  this  position  of  a  low  centre  of  gravity,  which 
is  obviously  nearer  the  base  /  g  than  it  is  to  the  top  d  e,  ei8  the 
distance  on  centre  line  is  less  than  distance  hj — makes  it  a  difficult 
matter  so  to  act  upon  the  body  that  its  centre  of  gravity  shall  be 
turned  over  or  changed  from  its  normal  position  h  on  the  centre 
line — which  is  the  line  of  natural  gravitation — ^to  a  position  on  either 
side  of  it  so  far  that  it  will  get  beyond  either  the  point  g  or  /,  that 
is,  outside  of  the  base.  Take  now  the  object  to  the  left  in  fig.  9,  and 
assuming  that  it  is  of  equal  section  throughout,  and  of  homogeneous 
material  throughout,  this  will  place  its  centre  of  gravity  in  the 
middle  of  its  height,  as  at  point  k ;  this  throws  it  as  far  from  the 
base  6  c  as  from  the  top  a.  So  long  as  the  centre  of  gravity  k 
remains  on  the  vertical  line  m  k  a,  and,  therefore,  within  the  base  b  cr, 
the  tall  object  will  remain  stable — that  is,  it  will  keep  standing 
vertically.  But  a  glance  at  the  two  figures  will  enable  the  young 
reader  to  perceive  that  it  will  be  much  easier  to  move  the  centre  of 
gravity  k  by  any  force  which  we  suppose  to  be  represented  by  and 
acting  in  the  direction  of  the  arrow  I,  so  that  it  will  be  beyond  the 
point  6  or  c  of  the  base  h  c,  than  it  will  be  to  move  the  centre  of 
gravity  A  of  the  object  de/g  beyond  points^or^.  And  this  for 
two  reasons :  first,  that  the  distance  m  6  or  m  c  is  much  shorter  than 
the  distance  i/  or  i  g,  and  therefore  the  force  represented  by  arrow 
I  will  have  to  be  exerted  for  a  longer  period  than  the  force  repre- 
sented by  arrow  n  acting  on  the  centre  of  gi'avity  h  of  the  body 
d  e/g»  Or  if  the  moving  of  the  centres  of  gravity  of  the  two  bodies 
or  objects  a  b  c,  d  e/g,  so  that  they  go  beyond  the  base  points  b  c 
or  /g,  has  to  be  done  in  the  same  time,  the  force  n  mast  be  greater 
than  the  force  I,  The  second  reason  why  the  centre  of  gravity  will 
be  more  easily  moved  in  the  case  of  the  object  a  b  c  than  in  that 
oi  d  e/g,  arises  thus.  In  overturning  those  bodies  by  forces  repre- 
sented by  and  acting  in  the  direction  of  arrows  I  and  n,  the  objects 
will  move  or  turn  upon  the  corners  c  and  g,  and  the  centres  of  gravity 
will  describe  or  move  along  a  curve  or  arc,  the  centre  of  which  is 
c  or  g.  But  of  these  two  curves,  the  path  of  the  centre  of  gravity 
or  the  arc  of  the  body  a  b  cis  a  curve  of  easy,  that  is  of  a  falling 
descent  throughout  its  whole  length;  the  path  of  the  centre  of  gi-avity 
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h  of  the  body  d  ef  g\&  a  rising  curve  in  the  first  part  of  its  path^ 
before  it  gets  into  a  falling  or  descending  line.  In  other  words,  the 
path  or  curve  of  the  centre  of  gravity  h  of  the  tall  object  a  h  e 
facilitates  the  pushing  over  or  overturning  force  represented  by 
arrow  l\  the  path  or  curve  of  the  centre  of  gravity  h  of  body  d  ef  g 
is  a  resisting  curve,  so  that  it  has  to  be  lifted  up  before  it  reaches 
or  assumes  the  position  of  a  falling  curve.  These  two  points  are 
graphically  shown  in  ^g.  10.  Let  a  &  be  the  same  object  as  a  &  c  in 
tig.  9 ;  c  being  the  centre  of  gravity,  in  which  position  the  young 
reader  will  observe  the  whole  tendency  of  its  weight  is  to  keep  it 
firm  on  the  ground,  pressing  on  its  surface,  in  its  natural  tendency 
to  sink  into  the  ground  in  the  direction  of  the  line  of  gravitation, 
c  6.     Suppose  now  the  pushing  force  to  come  into  operation  at  ^, 


and  that  it  pushes  the  object  till  it  assumes  the  position  dXh  h;  the 
centre  of  gravity  thus  falls  from  position  cto  d.  The  force  of  gravi- 
tation thus  acts  in  the  line  d  i,  so  that  the  centre  of  gravity  is  a 
little  beyond  the  base.  The  pushing  force  at  g  being  continued  till 
the  object  assumes  the  position  5  J,  the  centre  of  gravity  has  fallen 
on  the  curve  or  path  from  c  to  6,  which  is  far  beyond  the  base ;  the 
vertical  line  of  gravitation  cutting  the  base  line  at  point  k.  But 
not  only  is  the  curve  c  f  the  path  of  easy  descent,  in  virtue  of  the 
centre  of  gravity  c  of  the  erect  or  standing  object  being  high ;  but 
the  young  reader  will  perceive  that  the  moving  of  the  centre  of 
gravity  from  the  high  or  normal  position  o  to  lower  positions,  as  d 
and  0,  is  facilitated  by  the  action  of  gravitation  coming  into  force 
in  another  direction.  Thus,  in  the  position  A,  the  portion  of  the 
object  outside  of  the  verticsJ  line  e;^  t,  in  virtue  of  its  weight,  has  a 
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tendency  to  gravitate  or  drop  downwards,  as  it  is  free  to  fall,  (like 
the  plummet  or  weight  t  in  ^g.  8,  ante,)  when  its  cord  u  v  is  cut 
in  the  direction  of  arrow  I,  fig.  10.  This  action  of  gravitation  is  still 
more  pronounced  when  the  object  a  6  is  pushed  by  g  till  it  gets  into 
the  position  of  j,  when  nearly  the  whole  weight — shown  by  shaded 
lines — of  the  body  acts  in  the  direction  of  gravitation  shown  by  the 
arrow  m.  So  rapidly  do  those  two  causes  begin  to  act,  that  shortly 
after  the  pushing  force  g  is  exerted,  the  object  falls  prostrate,  as  aty*. 

niiiBtratioiis  of  tlie  Centre  of  Gravity  {continued). 
Turning  now  from  the  diagram  in  preceding  figure,  which  illustrates 


Fig.  11. 

why  it  is  what  is  called  an  unstable  object — and  which  the  young 
reader  has  almost  intuitively  felt  to  be  so,  though  why  he  did  not, 
as  we  assume,  know — turning  from  this  to  the  diagram  in  ^g,  11, 
which  as  intuitively  he  feels  to  be  a  stable  object,  or  one  which, 
popularly  described,  will  have  a  firm  position,  he  will  see  how  com- 
pletely the  conditions  are  changed.  Here,  as  before — see  d  ef  gin 
fig.  8  {cmte) — we  have  a  body  with  the  centre  of  gravity,  a,  low,  or 
near  the  solid  ground  on  which  the  body  is  supposed  to  rest,  the 
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pusbiug  force  represented  by  arrow  b  tending  to  turn  the  body  over, 
moving  on  the  comer  c  &s  &  centre,  gives  a  rising  curve,  a  d  e,  aa  the 
path  of  the  centre  of  gravity  a.  It  will  take,  therefore,  a  considerable 
force  to  move  the  centre  of  gravity  from  pomtion  a  to  the  positions 
at  d  and  e;  and  even  when  it  rUes  as  high  as  pointy,  the  vertical 
line  of  gravitation  dropped  from  it  falls  within  the  base,  as  shown. 
If  the  young  reader  will  go  back  again  to  fig.  10,  he  will  remember 
that  with  the  falling  curve  or  path  of  centre  of  gravity  of  the  object 
there  illustrated,  the  weight  or  gravitating  power  of  the  l»dy  began 
to  act  very  quickly,  as  shown  in  the  dotted  line  parts  at  A  and  j. 


Kg.  12. 
But  in  the  more  stable  object  in  fig.  11,  now  being  considered,  this 
weight  or  gravitating  action  of  the  body  is  for  a  considerable  part 
of  the  path  or  curve  in  favour  of  the  body  remaining  in  its  position, 
or  agfunst  its  being  overturned.  For  take  the  lower  diagram  in 
fig.  11  to  represent  the  position  when  the  centre  of  gi-avity  has  been 
moved  up  to  point/in  the  diagram  to  the  left,  a  very  large  portion 
of  the  object,  aa  a  b  c,  shown  shaded,  is  within  the  base  b,  and  this 
portion  having  its  gravitating  tendency  in  the  vertical  direction,  as 
shown  by  the  arrow  d ;  if  the  forcing-up  tendency  which  ia  shown 
at  arrow  g  in  diagram  to  the  left  lifting  the  comer  £  is  in  any  degree 
relaxed,  ttie  part  a  5  o  in  the  diagram  to  the  right  will  fall.     And  in 
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pushing  the  corner  /  further,  till  the  centre  of  gravity  a  in  upper 
diagram  reaches  a  higher  point,  as  c?,  the  portion  dee  has  to  be 
contended  with.  Hence  the  great  stability  of  this  form.  That  of 
the  greatest  stability  is  the  pyramid,  which  is  formed  by  extending 
the  sides  f  d,  g  e,  fig.  9  (ante),  till  they  meet  in  the  point  o.  The 
form  of  least  stability  would  be  the  pyramid  invei-ted.  It  might  be 
possible  to  balance  this  with  the  point  o  resting  on  the  ground ;  but 
it  would  take  very  great  skill  and  patience  on  the  part  of  the 
experimenter  to  accomplish  it. 

The  Centre  of  Gravity  of  Moving  and  Booking  Motion. 

From  preceding  paragraphs  in  this  section  and  that  treating  on 
gravitation,  our  young  reader  will  perceive  how  it  is  that  the  centre 
of  gravity  of  a  body  always  seeks,  so  to  say,  the  lowest  point,  or  that 
nearest  the  ground,  or  the  surface  on  which  it  is  placed,  whatever 
that  may  be,  as  a  platform  or  the  base  plate  of  a  machine ;  in  other 
words,  that  the  centre  gravitates  in  the  direction  of  the  earth's  centre. 
This  is  equivalent  to  saying  that  a  body  comes  to  the  state  of  rest, 
supposing  it  is  free  to  move,  when  the  heaviest  part  of  it  gets  nearest 
to  its  base,  or  the  surface  on  which  it  rests.  And  the  peculiarity  of 
the  path  of  motion  of  a  body  free  to  move,  and  secidng — so  to  phrase 
it — a  state  of  rest,  depends  upon  the  relation  of  the  centre  of  gravity 
to  the  lowest  point  which  the  body  can  reach,  or  to  the  surface  of 
the  earth  or  other  surface  on  which  the  body  rests.  Thus,  if  we  have 
a  wheel,  as  a  pulley  a  h,  ^g,  12,  "  hung,"  as  the  technical  phrase  has 
it,  or  suspended  or  fixed  on  an  axle,  shaft  or  spindle,  c,  free  to  move 
on  its  bearings,  if  the  wheel  or  pulley  be  of  equal  weight — that  is, 
well  balanced — it  will  rest  in  any  one  position  which  it  may  be  made 
to  assume ;  as  a  6,  or  if  the  point  a  be  raised,  to  d.  But  if  to  the 
upper  part  of  the  pulley  or  wheel  a  heavy  body,  as  a  piece  of  lead, 
/,  were  attached,  as  by  flexible  clips  like  those  used  to  affix  a  "  fog 
signal"  to  a  railway  bar,  the  moment  the  weighty  was  released  from 
the  hands  and  the  pulley  free  to  move  on  its  axle  or  shaft,  the  weight, 
and  with  it,  of  course,  the  pulley  to  which  it  was  attached,  would 
move  round  either  in  the  direction  of  the  arrow  g,  or  in  that  of  h, 
till  it  reached  the  lowest  point,  t,  when,  after  some  oscillation  like 
a  pendulum,  it  would  there  remain  at  rest  \  and  if  the  shaft  or 
spindle  were  suddenly  broken,  the  pulley  and  weight  would  drop  in 
direction  j  vertically  till  it  reached  the  ground  or  some  solid  resisting 
surface.  The  same  would  hold  true  of  a  solid  ball  or  globe  k  placed 
on  the  ground  or  other  surface  I  m,  supposing  it  to  be  of  homogeneous 
material  throughout  its  mass,  as  there  would  thus  be  an  equal  weight 
of  material  round  the  centre  k  at  all  points  radial  to  that  centre. 

10 
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The  ball  would  thus  be  indifferent,  so  to  say,  to  any  position,  and 
would  remain  at  rest  in  any  way  it  was  placed  on  its  base  I  m.  But 
if ,  as  in  the  case  of  the  pulley  a  b,  one  part,  as  m,  was  heavier  than 
any  other  part,  if  left  to  move,  this  weighted  part  would  seek  the 
lowest  point,  or  would  gravitate  to  o,  turning  round  either  by  the 
curve  p  or  q,  according  as  the  bias  given  on  releasing  the  hand,  for 
example,  from,  the  weighted  part  m ;  and  this  bias  or  influence  due 
to  muscular  action  would  be  present,  although  not  perceptible  to 
the  experimenter.  This  arrangement  is  that  of  the  well  known  toy 
which  consists  of  a  ball  on  which  a  grinning  figure  is  seated.  As 
the  lower  part  of  the  ball  is  heavily  weighted,  as  at  o,  however 
persistently  the  juvenile  pushes  it  down  towards  the  base  right  or 
left,  the  moment  the  figure  is  let  go  or  released  it  as  persistently 
rolls  back  to  its  original  and  vertical  position,  and  this  greatly  to 
the  delight  of  the  juvenile,  puzzled  much  to  account  for  the  curious 
movement.  The  motion  which  the  ball  thus  arranged  as  a  toy  haa 
is  called  a  rocking  motion.  The  rocking  motion  of  a  body  with  a 
curved  base  is  further  illustrated  in  fig.  13,  where  the  curve  in  which 
the  body  a  b  rests  on  the  ground  or  surface  c  c^  is  not  spherical,  but 
elliptical.  In  this  the  line  of  gravitation  from  the  centre  of  gravity 
a  passes  through  the  point  5,  on  which  the  body  rests  on  the  surface, 
and  is,  therefore,  at  rest.  Let  us  suppose  that  a  force  acting  in  the 
direction  of  arrow  e  presses  down  the  end  /  till  the  body  assumes 
the  position  as  a.t  g  h.  By  the  force  acting  on  end/,  the  centre  of 
gravity  a  is  obviously  raised  in  a  curved  path.  This  throws  the  point 
of  contact  of  the  body  with  the  surface  ^  m  to  the  left  of  the  point  j', 
which  corresponds  to  6  on  the  line  a  b ;  the  weight  of  the  body  is, 
therefore,  now  chiefly  on  the  side  opposite  to  the  point  of  contact  ky 
and  the  result  is  that  when  the  force  as  e  is  released  or  taken  off 
from  the  end  g  corresponding  to^*,  the  end  of  the  body  h  falls  to  or 
approaches  the  surface  or  base  towards  m ;  and  is,  by  the  momentum 
which  it  acquires,  carried  so  far  down  on  the  curve  6  n  of  first  figure, 
that  it  assumes  somewhat  of  the  position  in  the  third  figure  where 
the  conditions  are  just  the  opposite  of  those  in  the  second  figure — 
that  is,  the  point  of  contact  p  of  the  body  is  now  on  the  side  of  line 
0  q;  hence,  as  the  weight  is  chiefly  on  the  end  o  s,  the  body  falls 
from  8  towards  p,  and  again  the  momentum  so  carries  it  on  that  the 
opposite  end  s  rises  till  it  assumes  the  position  somewhat  as  at  h. 
These  oscillations  or  rockings  or  swingings — as  they  are  by  the  latter 
name  sometimes  called — become  less  and  less  decided  through  the 
action  of  friction,  etc.,  with  each  change .  of  motion,  till  finally  the 
body  comes  to  a  state  of  rest,  just  as  a  pendulum  ceases  to  oscillate 
to  and  fro  if  it  be  not  under  the  influence  of  a  continued  force,  as 
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falling  weights  or  a  spring.  But  if  the  force  be  applied  so  as  to 
keep  the  body,  as  a  5^*71,  in  continued  and  alternate  rocking  motion, 
we  have  a  rocking  machine  or  rocker,  which  may  be  partially  filled 
with  some  material  which  requires  to  be  moved  to  and  fro.  It  will 
be  obvious  that  the  character  of  the  rocking  motion  will  be  dependent 
upon  the  character  of  the  curve  of  under  surface,  such  as/b  n.  If 
the  curve  be  long,  as  there  shown,  the  rockings  will  be  slower  than 
if  it  be  short,  as  &t  tu;  and  if  the  height  of  the  body  be  considerable, 
throwing  the  centre  of  gravity,  as  at  v  w,  high,  it  will  have  a  great 
tendency  to  be  overturned,  too  much  of  the  weight  being  thrown  on 
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Fig.  13. 

the  side  of  the  line  w  y,  m  that  it  may  not  be  able  to  take  the  return 
swing  or  rock  when  the  acting  force  is  released. 

Centre  of  Gravity  in  Moving  Bodies.— Boiling  Motion. 
We  now  come  to  the  phenomena  connected  with  the  changes  of 
the  centre  of  gravity  in  bodies,  as  in  "  rolling  and  sliding  move- 
ments." When  a  ball  or  sphere,  a  6,  or  a  flat  disc,  perfectly  circular, 
is  placed  upon  a  perfectly  level  plane,  as  c  c?  in  fig.  14,  the  resting 
point  of  its  surface  upon  the  plane  c  c?  is  precisely  under  the  centre 
of  gravity,  g.  That  is,  the  line,  gf^  of  direction  of  gravity  or  of  the 
attraction  of  gravitation,  which  is  always  vertical,  as  we  have  already 
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shown,  cuts  or  passes  through  the  point  on  which  the  sphere  rests, 
or  on  which  it  comes  in  contact  with  the  plane  surface  c  d.  If  force 
acting  upon  the  side  a  in  the  direction  of  the  arrow  e  causes  it  to  roll 
along  the  plane  c  d,  the  centre  of  gravity  moves  along  in  a  line 
parallel  to  the  surface  of  the  plane,  there  being  no  rising  or  lifting 
movement  of  the  centre  causing  it  to  describe  or  take  a  path  more 
or  less  curved,  as  in  the  case  of  solid  bodies  such  as  are  illustrated 
in  the  preceding  figure.  It  is  this  condition  of  the  sphere  or  circular 
disc  in  relation  to  the  plane  or  level  surface  along  which  it  rolls, 
which,  not  necessitating  the  expenditure  of  any  force,  or  lifting  or 
raising  the  centre  of  gravity,  as  in  the  case,  say,  of  pyramid  f  g  Oy 
fig.  9,  which  makes  circular  or  spherical  bodies  to  be  so  much  more 
easily  moved  along  flat  or  level  surfaces  than  bodies  with  flat  sides. 
It  is  this  motion^  technically  termed  "  rolling,"  which  gives  the  value 


Fig.  14. 

lO  carriage  wheels.  The  type  or  original  form  of  the  modern  carriage 
wheel  is  the  roller  pure  and  simple,  which  in  early  times  was  used 
in  the  form  of  the  branch  of  a  tree,  chosen  for  its  surface  being 
more  perfectly  cylindrical  than  other  branches.  This  roller  would  in 
process  of  time  be  more  and  more  shortened  till  at  last  the  disc  or 
wheel  would  appear ;  and  when  this  was  fixed  or  movable,  or  allowed 
to  rotate  on  a  fixed  axle,  an  enormous  advance  in  mechanical  progress 
was  made.  As  in  the  case  of  the  "crank,"  that  other  wonderful 
discovery  or  invention  in  mechanical  arrangement,  so  in  that  of  the 
"  wheel "  for  carriages  to  be  dragged  along  by  animal  force,  we  know 
nothing  of  the  inventor :  so  true  it  is  that  in  a  large  majority  of 
cases  the  world  knows  not  to  whom  it  is  indebted  for  inventions 
simply  priceless  in  value. 
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We  have  said  that  in  the  case  of  a  sphere  or  fiat  circular  disc, 
with  parallel  faces  and,  therefore,  a  flat  periphery,  the  line  of  direction, 
b  c  /f  fig.  9,  or  of  centre  of  gravity,  g,  is  directly  ever  or  will  fall 
upon  the  pointy,  on  which  the  body  rests,  as  the  level  plane  c  d; 
and  if  we  suppose  a  tendency  for  the  side  or  point  b  to  drop,  there 
will  obviously  be  a  like  tendency  on  the  side  a  to  ^Srop  also,  and  as 
both  are  equal  in  intensity  they  balance  each  other,  and  the  sphere 
or  disc,  therefore,  remains  at  rest.  But  if,  in  place  of  resting  upon  a 
level  plane  c  eZ,  as  in  the  first  diagram,  the  plane  is  inclined,  as  h  i 
in  the  second  diagram,  we  have  the  conditions  altogether  changed : 
the  line  of  direction  of  gravity,  or  of  the  attraction  of  gravitation — 
in  all  cases,  let  the  young  student  remember,  vertical — in  this  case, 
represented  by  the  line  J  ^,  no  longer  coincides  with  or  cuts  the  point 
of  contact  of  the  sphere  with  the  plane  h  i,  and  which  point  is  at  I, 
but  is  just  so  much  in  advance  of  it  as  at  this  point  m.  And  as, 
in  virtue  of  the  attraction  of  gravitation,  -the  body  has  always  a 
tendency  to  fall  to  or  reach  the  lower  point,  the  centre  of  giavity,  j, 
moves  in  the  direction  of  the  line^  n,  parallel  to  h  i;  in  other  words, 
the  sphere  drops,  or,  in  technical  and  popular  language  alike,  it 
"  rolls "  down  the  inclined  plane  till  it  reaches  and  rests  upon  the 
level  plane  on  which,  after  a  period  when  its  "  momrjitum  "  has 
ceased,  say  at  point  o,  it  rests  precisely  as  it  did  under  the  conditions 
as  illustrated  in  the  first  diagram  above. 

If  the  body,  in  place  of  a  sphere,  were  a  cubical  one,  asmjklm, 
hg.  7,  it -would  not  roll  down  the  inclined  plane,  but  "  slide  "  down ; 
and  the  reason  why,  so  to  say,  it  would  prefer  the  sliding  to  the 
"rolling"  motion  is  simply  this,  that  before  it  could  roll  it  would 
have  to  turn  over  from  one  side  to  the  other,  and  always  turn  over 
upon  a  comer,  as  m  orj,  as  on  a  centre;  but  this  would  involve,  as 
we  have  seen  in  a  preceding  paragraph,  the  raising  of  the  centre  of 
gravity  in  a  high  curved  path  (see  fig.  11),  and  this  raising  would 
obviously  take  or  absorb  more  of  this  impelling  or  propelling  power 
caused  by  the  slope  or  incline  than  the  mere  act  of  sliding  down 
the  plane  would  require.  Hence  the  cube  would  "  slide,"  not  roll, 
down  the  plane  as  the  sphere  would.  But  to  show  how  the  **  con- 
ditions" under  which  bodies  are  placed  influence  the  phenomena 
they  exhibit,  it  is  necessary  here  to  explain  why  a  body  square  or 
rectangular  in  section,  and,  therefore,  with  flat  surfaces,  will  roll,  not 
slide,  down  a  sloping  surface,  as  many  of  our  young  readers  may 
have  seen  bodies  of  this  or  of  very  irregular  section  do.  Where  the 
incline  is  very  great,  or  the  surface,  in  common  language,  very  steep, 
and  where  the  surface  of  the  body  is  so  very  rough,  or  that  of  the 
inclined  plane,  that  great  friction  is  created  between  the  two,  a  less 
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degree  of  the  impelling  force  may  be  required  to  turn  the  body  over 
in  its  career  than  that  required  to  overcome  the  friction  between  the 
flat  side  and  the  surface  of  the  incline ;  as  the  easiest  course  is  in 
natural  phenomena  taken,  the  body  rolls  down  in  preference,  so  to 
say,  to  sliding  down.  But  even  in  cases  where  a  square  or  flat-faced 
body  begins  and  takes  a  certain  part  of  the  downward  course  with 
the  process  of  sliding,  it  might  be  changed  into  a  rolling  motion. 
For  as  the  body  would  acquire  momentum  as  it  advanced  along  the 
slope  or  incline,  it  might  reach  some  obstruction  on  the  plane  which, 
if  strong  enough  or  firmly  fixed  enough  to  give  way,  would  so  act 
that  the  corner  of  the  body  catching  it  would  be  arrested,  and  the 
momentum  would  cause  the  centre  of  gravity  to  be  raised,  and  the 
object  would,  so  to  say,  "topple  over,"  precisely  as  shown  in  figs.  10 
and  11,  and  when  once  begun  this  toppling  might  be  repeated  and 
the  rolling  motion  would  be  continuous  till  the  base  of  the  incline 
was  reached.  The  rolling  motion  of  a  body  square  or  irregular  in 
section  must  be  of  necessity  the  reverse  of  smooth  or  easy ;  it  is,  in 
fa^t,  made  up  of  a  succession  of  bumps  or  blows  as  each  corner  or 
projecting  point  comes  round  in  contact  with  the  surface  of  the 
plane  along  which  it  rolls.  In  the  case  of  a  sphere  or  disc  or  a 
cylinder,  the  rolling  is  smooth,  for  all  the  lines  radiate  from  the 
centre  of  gravity  in  equal  directions,  and  are  all  of  equal  length,  as 
shown  in  first  diagram,  fig.  14;  so  that  there  are  no  comers,  pro- 
tuberances, or  projecting  parts.  We  have  been  thus  particular  in 
describing  the  points  taken  up  in  this  paragraph,  for,  simple  as  their 
phenomena  may  seem  to  be,  it  is  not  every  young  reader  who  knows 
the  principles  upon  which  they  depend,  and  can  explain  them ;  and, 
as  we  have  said  before,  and  it  is  worthy  of  being  ^aid  again,  he 
should  gain  the  habit  of  thoroughly  understanding  silnple  subjects 
before  passing  to  more  difficult  ones. 

The  Centre  of  Gravity  of  Boiling  Bodies  {oojitinued). 

We  have  hitherto  considered  the  phenomena  of  rolling  stones  in 
relations  to  the  centre  of  gravity,  in  which  the  body,  as  the  sphere 
or  globe,  the  circular  flat  disc,  or  the  long  cylinder,  is  of  equal 
substance  throughout,  and,  therefore,  any  two  points  at  opposite  ends 
of  a  diameter  of  equal  weight.  But  we  can  conceive  of  a  sphere  or 
disc  or  cylinder  having  its  substance  or  material  unequal — as,  for 
example,  a  wooden  globe  or  disc  with  a  mass  of  lead  at  one  point  of 
its  circumference.  A  body  thus  made  is  in  popular  language  said  to 
be  "lop-sided";  and  this  is  illustrated  in  the  first  diagram,  fig.  15, 
in  which  the  wooden  disc,  a  has  a  lump  of  lead  or  heavy  metal  b  at 
one  part  of  its  periphery.     From  the  mass  of  a  body,  having,  as  we 
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have  seen,  a  tendency  always  to  seek  the  lowest  point,  a  disc  so 
made,  when  allowed  to  rest  upon  a  perfectly  level  plane,  as  c  c^  in 
first  diagram,  fig.  14,  would  always  assume  the  position  as  in  first 
diagram,  fig.  15,  with  the  weighted  part  b  in  contact  with  the  plane 
and  directly  under  the  centre  of  gravity  a.  If  placed  in  the  position 
as  in  second  diagram  in  fig.  15,  with  the  loaded  portion  at  e,  the 
upper  part,  by  very  dexberoas  manipulation,  might  be  so  balanced 
as  to  remain  in  this  position,  in  which  the  central  point  of  weight, 
e,  woald  be  in  a  line  with  the  points  y*  and  gy/  g  being  the  direction 
of  gravity  or  the  attraction  of  gravitation.  In  this  balanced  position 
the  body  would  have  just  as  great  a  tendency  to  fall  over,  or  to  move 
in  the  direction  of  the  arrow  h,  as  in  that  of  the  arrow  i ;  and  this 
tendency  to  fall  or  move  would  be  made  to  operate  with  a  very 
slight  force  exerted  from  either  side ;  a  slight  current  of  air  blowing 
from  side  h  would  cause  the  central  point  of  e  to  pass  from  the  line 
e/  g  towards  i,  in  which  case  the  tendency  of  the  weight  e  to  fall  to 
the  lowest  point,  as  at  b,  in  the  first  diagram,  would  bring  it  round 
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Fig.  15. 
to  the  side  i,  and  would  thus  cause  the  disc  to  advance  or  roll  in  the 
direction  of  k,  till  it  rested  in  the  position  as  in  first  diagram  at  b. 
To  roll  the  loaded  disc,  as  in  second  diagram,  along  the  level  plane 
in  which  it  rests,  or  to  move  it  along  in  the  direction  of  arrow  k, 
would  be  a  more  difficult  task  than  to  move  the  disc  of  equal  sub- 
stances throughout,  as  a  6  in  the  first  diagram.  For  in  the  second, 
before  we  can  make  the  disc  move  in  the  direction  of  arrow  J,  we 
have  the  additional  work  to  do  of  raising  weight  b  (first  diagram) 
in  the  direction  of  arrow  d,  also  the  centre  of  gravity,  much  in  the 
same  way  as  already  explained.  This  lifting  of  the  weight  at  paint 
g  (second  diagram)  would  continue  till  a  point  a  little  to  the  right 
of  point  e  was  reached,  when  the  tendency  of  the  weight  to  reach 
the  lowest  point,  or  gravity,  causing  this  weight  to  fall  in  the  direction 
of  arrow  i,  all  the  hdbour  of  lifting  would  then  cease,  and  the  weight 
itself,  or  rather  its  tendency  to  gravitate  to  the  lowest  point  g,  would 
do  the  work  of  rolling  the  disc  along  in  the  direction  of  arrow  k ; 
but  if  this  motion  is  to  be  continued,  the  lifting  or  raising  action 
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has  to  be  gone  over  again  after  the  weight  has  reached  the  position 
as  at  g. 

Let  us  suppose,  however,  that  in  place  of  the  loaded  cylinder 
resting  upon  a  level  plane,  as  in  second  diagram,  fig.  15,  that  it  is 
placed  upon  an  inclined  plane,  c,  as  in  fii'st  diagram,  fig.  16.  Here 
the  line  of  direction  of  giavitation  falling  perfectly  vertical,  as  in 
all  cases  it  does  in  the  line,  falls  outside  a,  to  the  left  of  point  of 
contact  c,  of  the  disc  or  ball  in  the  inclined  plane,  and  hence  through 
the  tendency  of  the  weight  or  mass  to  take  the  lowest  position,  it 
rolls  down  the  inclined  plane  in  the  direction  of  the  arrow  (£,  the 
circular  surface  of  the  disc  or  globe  moving  in  the  direction  of  arrow 
e.  But  before  it  can  so  roll  down,  the  weight  or  load  c  has  to  be 
raised  or  lifted  in  the  direction  of  the  arrow  e  \  and  it  may  be  that 
the  force  of  gravity  or  of  attraction  of  gravity  may  be  so  slight, 
as  compared  with  the  weight  of  the  load  at  c,  that  it  may  not  be 
able  to  raise  it  in  the  direction  of  the  arrow  e,  so  that  we  could  have 
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Fig.  16. 


the  phenomenon  of  a  loaded  ball  standing  or  remaining  still  or 
quiescent  at  one  point  of  a  surface  which  nevertheless  was  inclined 
or  sloping.  This  state  of  rest  could  only  be  when  the  relation  of  the 
weight  of  the  load  to  the  force  of  the  tendency  of  the  ball  or  disc 
to  roll  down  the  inclined  surface  was  exactly  equal  or  balanced. 
And  this  would  obviously  depend  upon  the  rate  of  inclination  or  the 
angle  of  the  slope  of  the  surface  on  which  the  ball  was  placed.  We 
have  seen  that  the  position  of  a  ball  on  a  perfectly  level  surface  is 
as  in  first  diagram,  cfd,  fig.  14, — on  an  inclined  surface  as  in  the 
second  diagram  at  n  ni  i\  in  this  latter,  the  greater  the  slope  or 
angle  of  incline,  the  greater  the  distance  between  the  point  m,  where 
the  line  of  direction  of  gravity,  j  k,  cuts  the  incline,  and  the  point  I, 
where  the  ball  will  roll  down  the  incline.  Decrease  the  distance 
m  ly  we  lessen  this  tendency  to  roll  down ;  for  it  will  be  perceived  by 
the  young  reader  that  we  can  decrease  and  decrease  it  till  at  last  we 
change  the  inclined  into  a  level  surface,  as  in  first  diagram.     We 
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know  that  a  body  'dropped  from  a  height  m  free  space,  whether 
heavy  or  light,  falls  vertically  till  it  reaches  the  ground,  as  in  first 
diagram ;  if  the  ground  is  level  there  it  rests,  for  it  has  reached  the 
level  point  /.  But  in  first  diagram,  ^g,  16,  upon  inclined  surfaces, 
it  cannot  continue,  the  vertical  course  being  opposed  by  the  substance 
of  the  inclined  surfaces ;  it  can,  therefore,  only  reach  the  lowest  point, 
which  is  on  the  levels  i  and  g,  by  rolling  down  the  inclined  plane, 
between  the  vertical  or  free-space  drop  and  any  inclined  surface,  the 
two  forces  being  contrary,  but  equal.  Again,  we  could  have  the 
phenomenon,  still  more  singular  and  to  some  still  more  puzzling,  of 
a  ball  or  disc  rolling  up  an  inclined  surface,  when  all  experience  tells 
us  it  ought  to  run  down  it.  This,  however,  is  easily  explainable  on 
the  principles  we  have  already  indicated,  and  it  is  illustrated  in 
second  diagram  in  fig.  16.  Here  we  have  a  loaded  ball  placed  upon 
an  incline,  the  tendency  which  naturally  it  has  to  roll  down  the 
incline  being  represented  by  the  distance  k  I,  But  if  we  place  the 
loaded  ball  somewhere  in  the  position  as  shown  in  the  diagram,  and 
if  we  have  the  weight  of  the  loaded  part,  as  at  m,  so  that  it  is 
greater  than  the  force  represented  by  the  distance  k  I,  the  weight 
will  fall  to  the  right  in  the  direction  of  the  arrow  n,  raising  the 
centre  J  and  making  the  ball  to  appear  as  if  rolling  up  this  incline 
in  the  direction  of  the  arrow  o.  But  the  moment  the  weight  reached 
the  point  corresponding  to  c  in  first  diagram,  fig.  16,  or  that  point 
where  its  force,  so  to  say,  was  overbalanced  by  the  force  represented 
by  the  distance  k  I,  second  diagram,  gravity  would  then  cause  it  to. 
roll  down  the  incline  till  it  reached  the  lowest  point,  which  would 
be  somewhere  on  the  level  line  *,  and  that  at  which  its  rolling  would 
cease  to  act  and  that  of  gravity  and  friction  control  and  bring  it  to 
rest. 

Centre  of  Gravity,  Boiling  Motion,  Carriage  Wheels  (contintted). 

Carriage  and  cart  wheels  revolving  freely  on  fixed  axles  as  centres 
owe  their  value,  in  making  traction  on  roads  easy,  and  at  a  very 
much  less  expenditure  of  horse-power  than  when  running  on  sleds,  to 
the  principle  we  have  explained  in  connection  with  rolling  bodies,  as 
balls  or  spheres  or  circular  discs,  as  in  connection  with  the  diagrams 
in  ^g.  16. 

A  cart  or  carriage  wheel  is,  in  fact,  a  circular  disc,  only  that  for 
lightness,  as  well  as  being  most  pleasing  to  the  eye,  the  face  of  the 
disc  is  not  solid,  but  has,  as  it  were,  spaces  cut  out  on  it,  radiating 
from  the  centre  to  the  circumference,  leaving  solid  parts  between 
two  contiguous  spaces,  the  solid  parts  corresponding  to  what  ai*e 
technically  called  the  spokes  or  arms  of  the  wheel,  as  in  the  first 
diagram  in  ^g.  12,  ante.     The  spokes  all  terminate  in  a  circular  part 
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in  tlie  centre,  which'  is  called  the  "  hub  "  or  "  centre/'  and  in  the 
centre  of  this  is  the  aperture,  containing  in  practice  the  "  axle-box " 
or  bush  by  which  it  is  placed  on  the  journal  or  turned  end  of  the 
"  axle  "  or  "  axle-tree." 

In  the  preceding  paragraphs  we  explained  some  of  the  terms  con- 
nected with  wheels  of  carriages.  While  the  axle  is  firmly  secured  to, 
and  forms  practically  part  of,  the  body  of  the  cart  or  carriage,  the 
wheel  is  free  to  revolve  on  its  hub.  Each  axle  carries  a  wheel  at 
either  end,  thus  giving  a  wheel  at  each  side  of  the  cart ;  but  there 
may  be  two  axles,  and  thus  four  wheels.  Each  wheel  supports  its 
due  part  or  proportion  of  the  load — one-half  of  this  if  it  be  a  two- 
wheeled,  one-fourth  if  it  be  a  four-wheeled  cart  or  carriage.  The 
wheels  support  their  load  at  the  hub,  which  takes  the  place  of  the 
centre,  as  of  the  ball  or  sphere  k  in  fig.  12.  If  the  carriage  be  stand- 
ing upon  level  ground  the  condition  is  the  same  as  in  that  figure : 
thus,  in  ^g,  14  the  line  of  direction  of  gravity  or  vertical  line  g  f  in 
first  diagram  falls  or  passes  through  the  point  of  contact  of  wheel 
with  the  ground— that  is,  through  the  pointy,  upon  which  the  wheel 
is  supported;  and  if  the  carriage  be  placed  on  sloping  or  inclined 
ground,  the  conditions  as  in  the  second  diagi-am  in  ^g,  14  come  into 
existence,  with  the  same  results,  and  if  the  wheels  be  free  to  revolve 
on  their  axles — that  is,  not  "  scotched  "  or  acted  on  by  the  brake — 
the  carriage  runs  down  the  incline  to  the  level  at  its  base.  The 
majority  of  our  young  readers  are  well  aware  that  it  is  easier  to  drag 
a  cart  or  carriage  over  and  along  a  road  when  it  is  provided  with 
comparatively  large,  than  when  it  has  comparatively  small,  diametered 
wheels.  The  necessity  for  this  arises  from  the  roughness  of  the  road 
surface,  which  is  more  or  less  incumbered  with  stones  of  various  sizes 
lying  upon  or  projecting  from  its  surface.  Where  the  rolling  surface 
is  comparatively  smooth,  as  in  an  asphalted  or  concrete  road,  or  where 
it  is  practically  quite  smooth,  as  in  a  street  tramway,  it  is  not  neces- 
sary to  have  large  diametered  wheels.  In  the  street  tramcar,  as  our 
readers  know,  the  wheels  are  of  small  diameter,  approax^hing  som^ 
what  to  the  diameter  of  the  friction  roller.  The  conditions  of  wheels 
of  ordinary  carriages  running  on  roads  of  the  usual  rough-surfaced 
condition  is  illustrated  in  fig.  17.  In  this  we  assume  a  small  wheel, 
as  a'  in  the  first  diagram  -4,  meeting  a  stone  or  other  obstruction,  as  h\ 
In  the  second  diagram,  By  we  have  a  large  wheel,  a  c,  meeting  an 
obstruction,  d,  of  precisely  the  same  size  as  h  in  diagram  A.  Under 
the  most  favourable  conditions  of  draught,  in  which  the  force  of  the 
horse  is  applied,  by  means  of  the  traces,  to  the  carriages,  the  draught 
would  be  in  a  line  represented  by  the  arrow  c,  parallel  or  nearly  so  to 
the.  line  on  surface  of  the  road  f  g.     We  have  in   this  case  the 
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condition  met  with,  in  the  easiest  rolling  motion,  illustrated  in  first 
diagram,  fig.  14  ante,  in  which,  while  the  position  of  the  centre  g  is 
running  or  moving  along  the  line  of  rolling  surface,  this  change  of 
position  or  moving  is  done  without  raising  the  centre  g  at  all,  this 
running  along  parallel  to  the  line  c  d.  So  in  the  second  diagram, 
fig.  17,  if  no  stone  or  obstruction,  such  as  d,  lay  before  the  wheel  a  e. 
But  when  it  does  the  drag  on  the  wheel  is  in  a  position  more  or  less 
oblique  to  the  line  of  road,  as  shown  at  the  line  a  &  in  the  third 
diagram  c  in  fig.  17;  and  this  oblique  force,  which  is  in  efiect  an 
upward  pull,  is  required  to  lift  the  wheel  (and,  therefore,  the  weight 
of  the  load  which  is  due  to  it — one-half  if  it  be  one  of  two,  one-fourth 
if  it  be  one  of  four  wheels)  over  the  stone  d.  In  this  the  centre  of 
gravity,  as  a,  has  to  rise  in  a  curve  more  or  less  pronounced,  as  a  c. 
The  flatter  the  curve  is  the  more  does  its  line  approach  that  of  the 
straight  line,  as  a  g  h  c,  first  diagram  in  fig.  14,  which  is  parallel  to 
the  line  of  rolling  surface  c  d,  and  which  condition  is  essential  to  the 
easiest  rolling.  The  difference  in  condition  between  a  large  wheel,  as 
in  the  fourth  diagram,  JD,  in  fig.  17,  and  a  small  wheel,  as  in  the 


a 


a 


^  fi  C  '        D 

Pig.  17. 

third  diagram,  C,  meeting  a  stone  of  the  same  bulk,  is  shown  graphi- 
cally in  the  third  diagium  ;  the  angle  of  draught  is  more  oblique,  as 
at  a  6 ;  while  the  centre  a  has  to  rise  and  be  lifted  up  in  a  curve,  as 
a  c,  which  is  far  removed  from  the  flat  and  easy  curve  a  c  in  the 
foui-th  diagram.  The  more  the  load  is  lifted  or  raised  out  of  the 
direct  line  a  g  hm  first  diagram,  fig.  14,  the  greater  the  loss  in  trac- 
tile power ;  and  this  is  the  condition  where  a  small  wheel,  as  in  third 
diagram,  fig.  17,  is  used.  A  large  wheel  lifts  the  centre  comparatively 
little  out  of  the  parallel  line,  as  shown  by  the  flat  curve  a  c  in  the 
fourth  diagram. 

Specific  Gravity. 

At  this  point,  before  proceeding  to  the  consideration  of  other  and 
important  principles  of  mechanics,  it  will  be  as  well  here  to  take  up 
this  subject ;  as  it  comes  appropriately  enough  while  considering  the 
subject  of  gravitation  specially. 

What  is  called  the  "  specific  gravity  "  of  a  body  or  substance  is 
dependent  upon  the  property  of  density,  or  the  mass  of  atoms  in  a 
given  bulk.     Here,  again,  the  reader  will  see  how  interchangeable 
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are  the  terms  by  which  we  indicate  what  are  called  the  "  properties  " 
of  bodies.  For  it  will  at  once  be  obvious  that  a  body  possessing 
extreme  "  porosity  "  will  in  the  same  bulk  or  size  or  mass  have  infin- 
itely fewer  particles,  molecules,  or  atoms  in  that  bulk  or  mass  than 
a  body  possessed  of  extreme  "  density,"  which  must  be  of  what  we  call 
greater  weight.  In  ordinary  language  we  say  that  the  porous  body 
is  "  light,"  the  dense  body  "  heavy."  Here,  again,  those  terms  are 
purely  relative ;  for,  while  it  is  quite  true  that  a  body  can  be  called 
"  light,"  it  is  equally  true  to  say  of  it  that  it  is  "  heavy."  The  con- 
dition is  dependent  upon  its  relation  to  some  other  body,  with  which 
it  is  or  may  be  compared.  If  the  reader  remembers  what  he  has 
read  in  previous  paragraphs  in  an  early  part  of  this  series  of  papers 
on  the  subject  of  the  attraction  of  gravitation,  or  simply,  gravitation, 
he  will  understand  that  gravity  and  weight  are  synonymous  terms, 
— ^the  weight  of  a  body  being  represented  by  some  force  which  will 
prevent  that  body  falling  to  the  ground,  if  left  free  to  fall,  through 
the  influence  of  gravity.  And  that  force,  if  it  can  be  measured,  will 
be  the  equivalent  of  what  we  call,  in  popular  language,  the  weight  or 
heaviness  of  the  body.  All  that  is  necessary  is  to  have  some  standard 
body,  or  "  weight,"  by  which  and  from  which  we  can  make  compara- 
tive statements  or  name  what  we  call  comparative  weights.  And  in 
this  standard  weight  we  have  the  force  of  gravity,  or  the  tendency 
of  that  weight  to  fall  to  the  ground  if  left  free  to  fall,  represented ; 
and  if  we  oppose  this  weight  or  body  by  a  "  force  "  which  is  precisely 
equivalent  to  that  weight,  we  prevent  it  from  falling  to  the  ground. 
In  point  of  fact,  we  balance  them,  and  the  weight  and  the  force  can 
thus  be  represented  or  stated  by  the  same  standard.  This  standard 
in  this  country  is  called  the  "  pound,"  and  is  equal  to  7,000  grains. 
This  is  the  pound  "  avoirdupois,"  by  which  all  common  or  ordinary 
substances  or  bodies  are  weighed — that  is,  have  their  specific  gravities 
or  gravitating  power  measured.  The  precious  metals  are  weighed  by 
another  pound  standard,  termed  the  "troy,"  which  has  only  5,760 
grains.  As  we  have  seen  that  the  force  of  the  attraction  of  gravita- 
tion depends  upon  the  distance  of  any  position  in  which  it  acts  from 
the  centre  of  the  globe,  we  see  that  this  standard  weight  is  in  itself 
purely  relative.  For  the  higher  we  ascend  or  go  into  the  air  the  less 
is  the  force  of  gravity,  and  the  less  by  consequence,  and  in  propor- 
tion, is  the  weight;  so  that  a  pound  weighing  16  ounces  at  the 
siu-face  of  the  earth  will  have  a  weight  of  less  in  the  proportion,  or 
thereabouts,  of  one  ounce  in  every  100  lb.  at  a  height  of  10,000  feet. 
Practically,  therefore,  we  assume  that  the  standard  weight  of  a  pound 
has  its  gravity  uniform  in  all  the  circumstances  of  ordinary  life.  And 
this  weight  is  called  an  absolute — that  is,  a  standard  weight,  and  is 
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assumed  to  be  that  at  the  sea-level,  or  the  lowest  point  of  the  super- 
incumbent mass  of  air.  As  the  bulk  of  a  body  depends,  as  we  have 
seen,  upon  its  density  or  porosity — that  is,  the  multiplicity  or  few- 
ness of  its  molecules  in  a  given  bulk  or  magnitude,  it  follows  that  its 
weight  or  gravity  will  be  in  proportion  to  this  amount  of  molecular 
matter,  and  hence  that  each  substance  possesses  its  own  bulk,  its  own 
weight— a  weight  which  is  peculiar  to  itself  only,  spedaUy  belonging 
to  it,  and  hence  called  its  specific  (or  special)  weight,  or,  to  use  the 
scientific  term,  its  "specific  gravity."  The  specific  gravity  of  any 
body  or  substance  being  its  weight  as  compared  with  some  other 
body  or  substance  of  equal  bulk,  the  term,  therefore,  denotes  the 
comparative  weights  of  bodies  of  equal  bulk.  Each  substance  or 
every  body  occupying  a  certain  space,  or  possessing  what  we  call  bulk 
or  magnitude,  has  under  the  same  circumstances  a  weight  peculiar  to 
and  invaiiably  distinguishing  itself :  hence  different  bodies  possessed 
of  equal  bulk  must  have  different  weights;  hence,  also,  the  reason 
why  we  say  that  one  body  possessed  of  the  same  bulk  as  another  has 
a  weight  or  specific  gravity  different  to  that  of  another  body  of  the 
same  bulk.  Thus  the  bulk  of  two  bodies  may  be  similar,  yet  one 
body  may  have  an  absolute  weight  greater  than  that  of  the  other. 
As  may  be  readily  conceived,  the  specific  or  special  gravities  or 
weights  of  different  bodies  differ  very  materially.  For  the  determi- 
nation of  the  specific  gravities  of  solid  and  liquid  bodies,  water  is 
taken  as  the  standard — distilled  water,  so  as  to  be  free  from  all 
impurities,  and  at  a  temperature  of  60^  Fahr.,  being  its  best  condi- 
tions ;  for  gases  and  aeriform  bodies  the  ordinary  atmospheric  air  is 
taken  as  the  standard.  The  principle  by  which  the  specific  gravity 
of  bodies  is  ascertained  depends  primarily  upon  a  law  of  hydrostatics 
exemplified  by  the  phenomena  dependent  upon  the  plunging  of  solid 
bodies  into  or  floating  upon  a  body  or  bulk  of  water.  This  law  may 
be  expressed  thus.  Any  body  placed  in  water  displaces  or  causes 
the  position  to  be  changed  of  a  body  or  a  bulk  of  the  water  precisely 
equal  to  its  own  bulk.  And  as  the  bulk  of  water  which  the  im- 
mersed body  has  displaced  was  and  must  of  necessity  have  been  held 
up  or  sustained  in  the  position  it  originally  occupied  by  the  rest  of 
the  bulk  of  the  water  by  which  it  was  surrounded,  it  follows,  there- 
fore, that  the  body  placed  or  immersed  in  the  water  must  itself  be 
held  up  or  sustained  in  the  water  with  a  force  equal  to  the  weight  of 
the  bulk  of  water  which  it  displaces.  Hence  follows  this :  that  if 
the  weight  of  the  body  itself  is  greater  than  the  weight  of  the  bulk 
of  water  which  it  displaces,  it  sinks  in  the  water ;  if  the  weight  of 
the  body  be  less  than  the  weight  of  the  bulk  of  water  it  displaces,  it 
floats,  as  the  popular  phrase  is,  upon  the  surface  of  the  water.     It  is 
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impossible  to  overestimate  the  value  of  this  principle  to  the  arts  and 
sciences ;  it  has,  indeed,  by  one  of  our  ablest  expositors  of  physical 
science,  been  designated  as  "  one  of  the  most  important  discoveries 
which  human  sagacity  has  ever  made."  The  principle  or  law  owes 
its  discovery  to  that  master-mind  of  ancient  classical  times,  Archi- 
medes. As  the  story  goes,  this  wonderfully  gifted  man  was  at  one 
time  much  exercised  in  his  mind  in  his  attempt  to  prove  beyond 
doubt,  what  was  at  the  time  suspected,  that  the  crown  of  the  king  of 
Syracuse,  which  was  said  to  be  of  pure  gold,  was  not  so,  but  was 
adulterated  with  a  mixture  of  silver.  WhUe  pondering  over  this 
difficult  problem,  Archimedes  had  occasion  to  take  a  bath.  This  was 
either  so  full  that  on  going  into  it  the  water  overflowed  the  edges  of 
the  bath ;  or,  as  he  went  into  it,  he  perceived  that  the  level  of  the 
water  rose,  and  it  occupied  a  higher  line  in  the  sides  of  the  bath  than 
before.  In  either  case — and  as  the  first  named  is  clearly  the  most 
telling,  we  presume  it  to  have  been  the  one — the  habit  of  thoughtful 
observation  led  Archimedes  to  conclude  that  there  was  a  direct  rela- 
tion between  the  bulk  of  his  body  and  that  of  the  water  which  over- 
flowed the  bath,  and  his  sagacious  mind  saw  at  once  that,  as  he  knew 
that  no  two  bodies  can  occupy  the  same  place  at  the  same  time,  the 
space  occupied  by  his  body  while  in  the  bath  must  have  been  filled 
up  before  he  went  into  the  bath ;  and  that  conversely,  before  his  body 
could,  so  to  say,  find  a  place  for  itself,  it  must  displace  sufficient 
water  to  make  room  for  it.  And  seeing  the  relation  between  the 
two,  the  full  value  of  the  discovery  so  elated  him  that,  thinking  only 
of  the  pioblem  which  had  been  puzzling  him,  and  forgetful  of  appear- 
ance, he  rushed  into  the  street,  and,  running  along  it,  shouted  out, 
"  Eureka  1  Eureka ! "  ("  I  have  found  it !  I  have  found  it  I ") 

Specific  Gravity  (oontimied). — The  Law  upon  wMch  it  is  based. 

We  have  said  that  the  importance  of  the  discovery  of  this  law  we 
have  named  cannot  be  overestimated ;  and  as  its  points  may  not  be 
easily  understood  or  readily  grasped  by  some,  we  refer  them  to  one 
of  the  early  paragraphs  of  the  volumes  in  this  series  entitled  "  The 
Boat  and  Ship  Builder,"  where  it  will  be  explained  in  detail.  From 
this  law  that  as  the  force  with  which  a  body  immersed  in  water  is 
held  up  or  floated,  is  measured  by  the  precise  weight  of  the  bulk  of 
the  water  which  itself  displaces,  it  follows  that  if  we  find  out  the 
amount  of  this  holding  up  or  sustaining  force  and  compare  it  with 
the  direct  weight  of  the  body  itself,  the  special,  specific  or  comparative 
weights  will  be  obtained.  This,  it  will  be  seen,  flows  from,  and  is 
dependent  upon,  the  great  law  already  enunciated ;  and  on  it  the 
hydrostatic  balance  and  the  hydrometer  are  founded,  and  in  both 
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water  is  the  medium  with  which  the  results  are  obtained, — the 
principle  of  which  may  be  roughly  exemplified  thus.  First  weigh 
the  body  of  which  we  desire  to  know  the  specific  gravity  in  the 
ordinary  atmosphere,  and  then  weigh  it  in  water;  take  the  difference 
between  the  two,  and  divide  the  whole  weight  by  this :  the  quotient 
will  be  the  specific  gravity  of  the  body  required. 

Speeifie  Gravity  (^coyitinued). — ^The  HydroBtatie  Balance.— Bodies  heavier 

than  Water. 

The  diagram  in  fig.  18  illustrates  the  way  in  which  the  principle 
above  stated  is  carried  out  in  what  is  called  the  hydrostatic  balance, 
which  is  in  fact  but  a  good,  well-adjusted  ordinary  balance,  abed. 
The  bodyy,  of  which  the  specific  giuvity  is  requii^ed,  is  suspended 
from  the  dish  5  by  a  fine  thread  e,  or — what  is  very  often  used — ^a 


Fig.  18. 

horsehair ;  and  then  the  weight  of  the  body/,  thus  suspended  from 
b  hj  e,  la  balanced  with  great  accuracy  by  known  weights,  such  as 
grains,  etc.,  etc.,  put  into  the  opposite  dish  a.  This,  which  is  the 
actual  weight  of  the  body  in  the  air,  is  noted  down.  If  now  a  vessel 
of  water — the  mechanical  arrangements  of  the  balance  being  such 
that  this  can  be  readily  done — be  passed  from  under,  so  that  the 
body  becomes  gradually  immersed  in  the  water,  then,  in  virtue  of 
the  law  we  have  already  enunciated,  the  body/  is,  so  to  say,  pushed 
up  by  the  water  with  a  force  or  pressure  equal  to  the  weight  of 
water  which  it  displaces,  the  result  being  that  the  body  apparently 
loses  so  much  of  its  weight  that  the  balance  between  the  two  dishes 
or  ends,  k,  l,  of  the  balance  beam  no  longer  exists ;  and  the  dish  a 
and  end  k  of  beam  preponderate. 
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In  order  to  restore  the  balance  certain  weights  must  be  now  put 
into  the  dish  b,  or  what  is  obviously  the  same  thing,  so  much  weight 
taken  out  of  the  dish  a.  And  this  weight  so  added  to  &  or  taken  out 
from  a,  in  order  to  get  a  perfect  balance  with  the  body  b  suspended 
or  immersed  in  the  water  in  the  vessel  g  g,  when  subtracted  from 
the  weight  which  the  body  gave  when  suspended  in  the  air  only, 
represents  the  loss  which  the  body  has  sustained,  so  to  say,  by  being 
suspended  in  the  water;  and  which  difference  in  the  weight  or  loss 
is  precisely  the  same  as  the  weight  of  the  bulk  of  water  which  the 
bodyy*  displaces.  If,  then,  we  take  this  weight — ^which  is  obviously 
the  weight  of  the  water  displaced  by  the  body — as  a  divisor,  and 
divide  the  weight  of  the  solid  by  it — that  is,  its  weight  in  its  natural 
condition  when  suspended  in  the  air — we  have  then  the  specific  gravity 
of  the  body,  which  shows  how  much  heavier  it  is  than  water.  Thus, 
if  the  body/,  fig.  18,  be  a  piece  of  gold,  it  apparently  loses  when  in 
the  water  (in  g  g)  one-nineteenth  of  its  weight,  thus  showing  that 
it  is  nineteen  times  heavier  than  water.  The  accurate  specific  gravity 
of  gold  is  19*53,  that  of  silver  10*47 ;  so  that  the  body/,  if  of  silver, 
would,  when  suspended  in  the  water,  apparently  lose  one-tenth,  in 
round  numbers,  of  its  weight ;  or  in  other  words  the  water  would 
support  or  hold  it  up  with  a  force  equivalent  to  this,  showing  that 
silver  was  ten  times  heavier  than  water.  We  have  said  that  in 
finding  and  s'tating  specific  gravities  of  bodies  the  standard  of  their 
comparison  is  water,  distilled  to  be  pure,  and  used  at  a  given  tem- 
perature ;  it  is  so  used  as  a  standard,  as  it  may  be  considered  as  of 
uniform  character  everywhere,  so  that  when  we  say  that  gold  has  a 
specific  gravity  of  19  (discarding  decimals),  silver  of  10,  etc.,  we  in 
other  words  say  that  gold  and  silver,  etc.,  are  jusb  so  much  heavier 
than  their  equal  bulks  of  distilled  water.  If  the  bodies  or  substances 
are  what  we  call  light,  such  as  cork,  the  specific  gravity  of  which  is 
•25  or  ^,  we  then  say  that  they  are  just  so  much  lighter  than  their 
equal  bulks  of  distilled  water. 

Specific  Gravity  {continued). — Bodies  Lighter  than  Water. — Liquids. 

Bodies  which  are  lighter  than  water  have  their  specific  gravity 
ascertained  by  a  modification  of  the  method  we  have  described  as 
used  in  the  case  of  bodies  heavier  than  water.  The  body  is  first 
weighed  in  the  air,  as  before,  and  then  attached  to  the  dish  by^g,  18 ; 
a  piece  of  lead  or  other  material  easily  adapted,  not  soluble  in 
water,  is  attached  to  the  body,  and  the  weight  of  which  is  just 
sufficient  to  sink  it,  till  it — the  body — is  immersed  in  the  water,  with 
at  least  half  an  inch  depth  of  water  above  it.  This  complete  immer- 
sion, be  it  remarked  here,  is  also  necessary  in  the  case  of  heavy  bodies. 


THE  TECHNICAL  STUDENT'S  INTRODUCTION  TO   MECHANICS.    161 

The  weight  of  the  lead  in  the  air  is,  of  course,  ascertained;  and 
when  it  and  the  body  to  which  it  is  attached  ^re  immersed  in  the 
water,  the  two  together  will  be  found  to  be  lighter  than  the  weight 
of  the  lead  alone,  which  shows  that  the  body  is  lighter  than  the 
water,  and  the  difference  put  into  the  dish,  as  a,  to  obtain  the  balance 
between  it  and  a,  when  added  to  the  weight  of  the  body  weighed 
alone  in  the  air,  is  equal  to  the  weight  of  a  bulk  of  water  corre- 
sponding to  the  bulk  of  the  light  body.      The  specific  gravity  of 
liquids  other  than  water,  such  as  sulphuric  acid — the  sp.  gr.  of  which 
is  1*87 — is  ascertained  by  the  use  of  what  are  called  specific  gravity 
bulbs  or  bottles.     Each  bulb  or  bottle  or  vessel  is  made  to  contain 
precisely  one  thousand  grains  of  distilled  water.     This  is  carefully 
filled  with  the  water,  so  that  none  is  left  outside ;  the  weight  of  the 
two — bottle  and  water — ^is  accurately  ascertained ;  and  the  bottle  is 
then  emptied  and  filled  with  the  liquid,  as  in  the  case  of  an  acid,  of 
which  the  specific  gravity  is  to  be  ascertained,  and  the  two  weighed : 
the  difference  between  the  weight  of  the  bottle  of  water  and  that  of 
acid  denotes  the  specific  gravity  of  the  acid.     If  we  have  a  ball  or 
bulb  of  glass,  which  is  known  to  lose  when  weighed  in  water  any 
definite  weight,  such  as  one  thousand  grains— a  number  specially 
convenient  in  calculations — it  may  be  used  with  great  facility  to 
ascertain  the  specific  gravities  of  other  liquids  by  simply  immersing 
(as  in  fig.  18)  the  bulb  or  ball  of   glass  in  the  liquid  the  specific 
gravity  of  which  it  is  desired  to  know ;  and  the  difference  between 
the  loss  of  weight  of  the  bulb  or  ball  when  immersed  and  its  normal 
weight  is  the  measure  of  the  specific  gravity  of  the  liquid  into  which 
it  is  plunged.     For  the  loss  of  one  thousand  grains  which  the  bulb 
or  ball  of  glass  sustains  when  weighed  in  water  is  obviously  the 
weight  of  the  bulk  of  water  which  the  ball  displaces.     Bodies  float 
in  water  when  they  are  lighter  than  it,  and  the  force  with  which 
they  are  supported  or  buoyed  up  is  in  proportion  to  the  difference 
between  their  weight  and  that  of  the  bulk  of  water  they  displace. 
The  converse  of  this  is  also  true,  for  a  body  heavier  than  the  bulk  of 
water  it  displaces  will  sink,  and  with  a  force  proportioned  as  above 
to  the  difference.     On  this  principle  or  law  a  'method  of  ascertaining 
the  specific  gravities  of  liquids  is  based.     This  consists  in  having  a 
series  of  glass  bulbs  of  different  specific  gravities;  these  may  be  made 
in  sets  or  classes  beginning  with  a  low  definite  gravity  and  ending 
with  a  high  one,  each  bulb  being  marked  with  its  own  specific  gravity. 
If,  for  example,  a  bulb  when  thrown  into  a  liquid,  say  an  acid,  is 
simply  suspended  in  the  fluid — that  is,  neither  sinks  nor  rises  or 
swims — the  liquid  is  obviously  of  the  same  specific  gravity  as  the 
bulb,  and  this  is  denoted  by  the  figures  marked  on  it,  for  the  bulb 

11 
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is  clearly  balanced  when  in  the  liquid.  If  the  bulb  was  heavier  than 
the  liquid  it  would  sink  in  it,  if  lighter  it  would  swim.  Another 
bulb  or.  other  bulbs  would  have  therefore  to  be  tried,  till  the  one 
was  found  which  remained  suspended,  so  to  say,  at  any  point,  being 
equally  indifferent  to  sinking  or  swimming,  which  would  represent 
therefore  the  specific  gravity  of  the  liquid. 

Speoifio  Gravity  icimcluded'). — ^The  Hydrometer. 
On  this  principle  of  buoyancy  the  apparatus  used  to  ascertain  the 
specific  gravity  of  liquids,  such  as  of  spirits,  solutions,  etc.,  known 
as  the  "hydrometer"  is  based.  This  is  sho^m  in  its  elementary  form 
in  fig.  19.  It  will  be  seen  that  this  dispenses  with  the  beam  and 
scales  as  in  Hg,  18,  and  is  very  easily  worked.  A  vessel,  a  a,  con- 
taining distilled  or  pure  water,  is  used  in  which  to  immerse  the  glass 


Fig.  19. 

bulb  h.  This  is  so  adjusted  in  weight  by  weights,  as  e,  which  are 
suspended  on  the  tail  as  shown,  that  the  bulb  floats  in  the  water  at 
a  certain  definite  point.  This  is  indicated  in  the  stem  c  by  a  line 
or  mark  which  is  exactly  coincident  with  the  level  or  surface  line  of 
the  water  in  the  vessel  a  a.  If  then  the  apparatus  be  taken  out  of 
the  water,  and  when  dried  immersed  in  a  liquid  of  which  it  is  desired 
to  know  the  specific  gravity,  the  bulb  h  will  sink  so  low  or  swim  so 
high  that  the  water-level  mark  on  the  stem  c  will  either  be  below  or 
above  the  surface  level  of  the  liquid,  according  as  it  is  heavier  or 
lighter — that  is,  of  greater  or  less  specific  gravity — than  the  water. 
To  make  the  water  coincident  with  the  new  liquid  level,  weights 
must  either  be  taken  from  below,  at  c,  or  added  to  the  dish  d,  and 
the  weights  when  known  give  the  comparative  weights  of  equal  bulks 
of  water  and  of  liquids. 
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In  a  preceding  paragraph  we  have  referred  to  heat  as  the  chief 
agent  in  the  production  of  the  phenomena,  or  the  principal  cause,  of 
what  is  called  repulsion.  But  there  are  other  sources  of  repulsive 
power — ^though  in  reality  heat  is  more  or  less  concerned  in  their 
existence,  and  may  be  said  to  be  the  primal  cause  to  which  their 
varied  phenomena  are  referred — which  are  usually  considered,  for 
obvious  practical  reasons,  as  independent.  Gunpowder,  gun-cotton, 
and  explosive  substances,  are  familiar  examples;  springs  in  the  various 
forms  used  in  the  mechanical  arts  are  other  sources,;  while  the  most 
familiar  of  all* our  motive  forces,  so  to  call  them — ^namely,  steam-^ 
is  the  best  known  cause  of  repulsive  power.  Although  in  those 
examples,  if  we  trace  their  operation  back  to  the  ultimate  point,  we 
find  heat,  as  suggested  above,  as  after  all  the  primary  source  of 
repulsion,  for  in  the  case  of  steam  we  have  to  apply  heat  to  the 
water  which  gives  the  vapour  or  gas  which  is  the  direct  result  of 
the  repulsion  of  the  particles,  changing  them  from  the  liquid  to  the 
aerial  or  gaseous  form.  The  peculiarities  of  steam  as  an  elastic  fluid 
or  gas  used  as  a  source  of  energy  are  explained  in  the  volume  entitled 
"  The  Steam  Engine  User."  In  the  case  of  gunpowder,  gun-cotton, 
etc.,  it  is  the  application  of  heat  which  in  the  first  instance  brings 
their  repulsive  powers  into  existence;  while  even  in  the  case  of 
explosive  substances  which  are  brought  into  active  existence  or  force 
by  "  percussion  "  (for  which  term  see  succeeding  paragraph  in  this 
section),  heat  may  in  one  sense  still  be  said  to  be  the  cause  of  repul- 
sion, as  the  temperature  is  raised  by  the  force  of  the  blow.  But  if 
not  in  a  strictly  scientific  sense  correct,  it  is  generally  and  for  obviously 
convenient  purposes  held  that  those  bodies  above  named  are,  in 
addition  to  heat,  well  known  and  recognised  sources  of  repulsive 
power  or  causes  of  repulsive  force. 

Attraction  and  Sepolsion  the  two  gnreat  Foreei  whieh  oontrol  the  Action  of 

Physical  Phenomena. 

Those  two  principles  or  properties  of  bodies  of  attraction  and 
repulsion  constitute  in  reality  the  only  two  forces  by  which  all  the 
phenomena  of  nature  existing  around  us  are  brought  into  existence 
and  displayed  and  maintained  in  action.  In  view  of  the  almost 
infinite  variety  of  those  phenomena,  the  reader  may  have  some  diffi- 
culty in  quite  seeing  the  truth  of  this  statement.  Even  with  the 
comparatively  limited  range  of  facts  of  existence  brought  to  him  by 
observation  he  will  at  first  have  a  difficulty  to  perceive  how  such  a 
vast  number  of  phenomena,  apparently  of  such  different  kinds,  can 
be  brought  into  existence  and  maintained  by  two  causes  or  forces 
only."   Thus,  he  would  be  apt  at  first  sight  to  say  that  of  motion, 
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rushing  wind  or  flowing  water  were  two  sources  of  power  or  two 
'  forces  per  se,  or  acting  by  and  (so  to  say)  for  themselves.  But  if 
he  will  duly  consider  those,  and  the  results  of  their  action,  he  will 
at  last  discover  that  they,  as  well  as  other  so-called  sources  of  power 
or  forces  which  he  may  think  of,  come  under  one  or  other  of  the 
two  forces  of  attraction  and  repulsion.  The  phenomena  even  of  that 
potent  yet  mysterious  power  known  as  electricity — which  is  the  name 
we  give  to  a  something  of  which  as  to  what  it  really  is  we  know 
absolutely  nothing— come  chiefly,  if  not  wholly,  within  the  range  of 
these  two  forces.  Seeing  this  the  dual  condition  of  all  forces  acting 
upon  bodies,  and  as  they  must  be  either  under  the  action  of  attractive 
or  repulsive  forces,  there  must  always  be  two  bodies  or  massq^,  or  if 
we  go  back  to  the  ultimate  atoms,  two  particles  or  two  atoms,  con- 
cerned in  all  the  actions  of  those  forces.  It  follows,  therefore,  that 
a  mass  will  either  be  attracted  or  repelled  to  the  same  extent,  or  be 
acted  upon  with  the  same  degree  of  force,  as  the  other  ;  or  in  other 
words,  that  where  one  force,  as  attraction,  exists,  there  must  be  in 
existence,  or  be  brought  into  existence,  the  other  force  or  that  of 
repulsion. 

Action  and  Beaotion  Equal  and  Opposite. 

Every  movement,  then,  caused  by  one  force  has  the  opposite  or 
converse  movement  caused  by  the  other  force ;  or,  to  use  the  popular 
phrase,  as  one  acts  the  other  reacts.  And  the  scientific  axiom  which 
defines  or  states  this  law  or  principle  uses  those  same  words,  for  the 
law  is  given  thus :  "Action  and  reaction  are  equal  and  opposite,"  or 
"  contrary."  This  important  law  is  exemplified  in  a  vast  variety  of 
ways  in  daily  life,  and  lies  waiting  for  the  examination  and  so  to 
say  analysis  of  the  reader.  "When  the  hand  comes  forcibly  and  by 
accident  or  immediately  in  contact  with  a  table  or  other  hard  body, 
it  is  literally  true  that  both  are  equally  "  hurt,"  using  this  term  as 
an  expression  of  the  result  of  the  force ;  the  table  receiving  precisely 
as  much  of  the  hurting  power  as  the  hand — although  it  is  of  course 
only  the  hand  which  is  said  to  be  hurt  in  the  sense  of  feeling  the 
result  of  the  blow  or  collision  or  concussion.  Here  the  action  and 
the  reaction  are  equal.  So  also,  in  the  case  of  a  canoeist  with  his 
paddle,  the  canoe  is  propelled  or  pushed  forward  through  the  water 
with  precisely  the  same  velocity  as  the  water  is  pushed  backwards  by 
the  paddle.  We  have  here  also  action  and  reaction  equal  and  contrary 
or  of  the  opposite  character,  the  forward  being  met  with  the  backward 
motion.  The  same  is  true  of  the  propelling  action  of  the  paddlewheel 
and  the  screw;  so  also  of  that  other  method  of  propelling  vessels 
which  has  so  often  come  to  the  front,  but  which,  notwithstanding 
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the  apparent  and  we  might  say  the  actual  success  of  the  trials,  has 
nevertheless  taken  no  permanent  place  in  the  list  of  our  marine 
water  motive  powers.  We  refer  to  what  is  known  as  Ruthven's 
hydraulic  motor,  from  the  name  of  its  inventor — the  inventor  also 
of  the  well-known  printing  and  screw  copying  presses.  The  principle 
of  this  is  exemplified  in  a  vessel  or  receptacle  of  water  placed  on  the 
end  of  a  body  floating  in  water,  as  a  small  toy  boat :  if  the  water  be 
allowed  to  flow  out  from  the  receptacle  in  a  stream  or  a  jet  towards 
and  over  the  stern  of  the  boat,  the  boat  will  be  propelled  forward 
through  the  water  in  a  direction  contrary  to  the  backward  motion 
of  the  water  jet.  Ruthven  applied  the  power  of  a  steam  engine  to 
the  production  of  a  jet  or  stream  of  water,  and  in  later  modifications 
to  the  production  of  two  jets,  one  at  each  side  of  the  ship;  and  by 
the  ingenious  arrangement  of  the  nozzle  pipes  through  which  the 
jets  were  passed,  motions  of  different  kinds  could  be  produced  in  a 
ship — backward  or  astern,  forward,  and  turning  motions.  The  same 
principle  is  exemplified  in  the  well-known  motive  power  or  motor 
known  as  the  "  turbine  " ;  indeed — as  if  in  direct  allusion  to  the  law 
we  have  quoted — in  certain  forms  of  it  called  the  "  reaction  water- 
wheel."  And  the  principle  or  law  is  further  exemplified  by  suspending 
by  an  elastic  cord  a  circular  vessel  full  of  water  (the  taller  or  deeper 
the  vessel  the  more  clearly  will  the  result  be  made  evident),  and 
boring  a  hole  in  the  side  obliquely  or  tangentially  in  its  circumference. 
The  passing  of  the  jet  of  water  through  the  hole  or  through  an 
oblique  pipe  fixed  to  it  will  cause  the  vessel  to  rotate,  and  its  sus- 
pending cord  to  be  twisted.  The  turbine  is  in  its  simplest  elements 
thus  exemplified.  In  these  examples,  while  the  "action  and  reaction 
are  equal  and  contrary,"  there  is  a  loss  of  the  power  resulting  from 
certain  causes  which  will  be  found  noticed  in  any  work  treating  of 
hydraulic  mechanics. 

Action  and  Beaetion  equal  (continued). — Exemplification  of  this  Law  or 

Principle. 

While  we  thus,  in  virtue  of  this  principle  or  law  of  action  and 
reaction  being  always  equal  and  opposite,  can  obtain  motion  by  the 
passing  of  a  jet  or  of  jets  of  water  issuing  or  passing  out  in  directions 
opposite  to  that  in  which  the  motion  is  created,  we  can  also  produce 
the  same  or  similar  phenomena  by  the  use  of  air  or  a  gaseous  fluid. 
One  of  the  earliest  forms  of  the  steam  engine — that  invented  centuries 
sgo  hy  Hiero  of  Alexandria,  and  known  as  the  "  selipile  " — depends 
for  its  action  upon  issuing  jets  of  steam.  The  apparatus  takes  the 
form  of  a  hollow  ball  suspended  on  and  capable  of  revolution  round 
an  axle,  two  pipes  with  heads  or  jets  bent  in  opposite  or  contrary 
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directions  being  secured  to  opposite  ends  of  a  diameter  of  the  globa 
This  being  filled  with  water,  and  heat  applied  below,  as  the  water 
boils  and  steam  is  produced,  it  issues  from  the  jets,  and  by  their 
reaction  causes  the  globe  to  whirl  and  revolve  rapidly  round  its  axis. 
So  direct  a  method  of  applying  steam  to  the  production  of  a  motion 
of  rotation  has  prompted  many  inventors  to  produce  modifications  of 
Hiero's  contrivance,  which  would  be  efiTectual  as  "prime  movers." 
The  reasons  why  they  have  generally,  or  as  one  might  almost  say 
universally  failed,  may,  if  space  permit,  be  glanced  at  in  a  succeeding 
chapter. 

Action  and  Seaotion  {eontinued). — Velocity  of  Bodies  in  Motion.— Examples 

from  Practice. 

While  "  action  and  reaction  are  always  equal  and  contrary,"  the 
velocities  of  moving  bodies  under  this  influence  ai*e  not  eqiml  but  in 
proportion  to  the  masses.  Where  the  body  appears  to  be  and  is 
popularly  supposed  to  be  stationary,  it  is  in  reality  in  motion,  although 
the  mass  is  so  great  that  in  relation  to  the  other  or  lesser  body  the 
velocity  of  motion  is  so  minute  that  the  eye  cannot  perceive  it.  This 
may  be  exemplified  by  a  familiar  illustration :  that  of  a  man  in  an 
empty  railway  truck  connected  to  one  loaded  heavily  in  advance  of 
the  other,  pulling  himself,  or  rather  the  truck  in  which  he  is,  towards 
the  loaded  truck.  The  empty  truck  being  so  much  lighter,  has  a 
motion  given  to  it  by  his  bodily  force,  exerted  through  the  medium 
of  the  rope,  of  such  a  velocity  that  its  movement  along  the  rail  is 
distinctly  observable  to  the  eye,  so  that  it  appears  to  the  unthinking 
spectator  that  it  is  only  it — namely,  the  light  truck — which  is  moving, 
whereas  the  heavier  truck  is  actually  being  moved  also,  and  at  the 
same  time  as  the  light  one.  But  its  motion  is  in  proportion  to  its 
weight  so  small  that  the  eye  cannot  take  it  in.  That  the  man  in 
the  light  truck  is  actually  moving  the  heavier  one  may  be  proved  by 
considering  the  cu-cumstances  to  be  so  changed  that  the  weight,  of 
the  heavy  truck  remains  the  same — say,  that  whic.h  requires  a  force 
equivalent  to  5000  lb.  to  overcome  it.  The  pulling  power  of  the 
man  on  the  rope  we  suppose  to  be  represented  by  a  force  of  1000  lb. 
If  somehow  the  man  could  increase  his  power  five  times,  or — ^what 
would  be  the  same  thing — if  five  men  were  placed  in  the  one  truck, 
each  capable  of  exerting  a  force  of  1000  lb.,  the  two  trucks  would 
then  appi*oach  each  other  at  equal  speeds,  and  thus  meet  at  a  point 
midway  between  the  points  at  which  they  originally  stood  before  the 
pulling  force  in  one  was  created  or  put  into  operation.  The  same 
is  exempKfied  in  the  case  of  two  boats  placed  at  a  certain  distance 
from  each  other,  with  a  man  in  each,  and  each  taking  hold  of  the 
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end  of  a  strong  rope.     If  the  boats  are  of  equal  size  and  weight,  and 
the  pulling  force  of  each  man  equal,  it  is  obvious  that  the  boats 
would  simply  stand  still.     But  if  the  weight  were  greatly  unequal, 
the  stronger  man  in  the  lighter  boat  would  apparently  move  his  boat 
towards  the  other,  while  in  reality  both  boats  would  be  approaching 
each  other,  but  with  a  velocity  proportioned  to  the  weight.     The 
velocity  of  the  slower-moving  boat  would  be  made  greater,  and  its 
motion  more  easily  discernible,  if  the  weights  and  pulling  forces  were 
not  so  very  unequal ;  and  the  more  they  approached  a  condition  of 
equality  the  less  difierence  in  proportion  would  there  be  between  the 
two  velocities.      Under  all  the  conditions  above  stated,  while  the 
action  and  reaction  would  be  equal  and  opposite,  the  velocities  of 
motion  would  vary  just  in  proportion  to  the  masses.     So  that  it  is 
quite  true — what  some  seem  to  think  a  paradox  or  an  impossibility 
— that  a  man  in  jumping  from  the  surface  of  the  ground,  while  by 
the  muscular  force  of  his  body  he  raises  himself  from  the  earth, 
actually  kicks  the  earth  away  from  him.     Of  course  the  difference 
between  the  masses  is  so  enormously  great  and  the  motion  of  the 
earth  so  infinitely  small  that  it  is  said  to  exist  only  in  the  man. 
The  repulsive  force  of  gunpowder  acting  on  a  cannon  ball  projects 
it  with  an  enormous  velocity  forward;  but  the  momentum  in  the 
cannon  itself  tending  to  push  it  backward  or  to  recoil,  is  the  same 
in  amount.    But  the  difference  between  the  mass  of  the  cannon  itself 
and  the  ball  is  so  very  great  that  the  motion  of  the  cannon  is  slight, 
the  momentum  having  to  act  through  so  much  greater  an  amount  of 
atoms  or  particles.     But  the  "  recoil "  so  called  is,  notwithstanding, 
sufficiently  great  to  produce  a  certain  motion  or  power.     And  this  is 
quite  powerfully  felt  in  the  case  of  a  rifle  fired  out  from  the  shoulder, 
but  still  at  a  point  a  short  distance  from  it :  the  force  of  the  shock 
is  the  measure  of  the  force  of  the  recoil  or  momentum  of  the  nfie 
backward,  which  is  the  same  as  the  momentum  of.  its  ball  forward. 
If  an  elastic  spring,  as  of  steel  or  indiarubber  of  a  certain  form,  be 
placed  so  as  to  act  upon  two  masses  simultaneously,  the  force  of  the 
expanding  spring  will  send  or  drive  the  masses  in  opposite  directions 
at  equal  velocities,  if  each  be  of  the  same  mass  or  weight.     If  this 
be  unequal,  the  velocity  or  speed  of  the  lighter  or  smaller  will  be 
greatest,  and  that  in  proportion  to  the  difference  between  the  two 
masses.     The  spring  acts  as  a  force  by  virtue  of  its  "  elasticity,"  the 
bending  of  it  into  the  desired  form  required — ^and  which  bending 
takes  a  certain  force  applied  to  it — storing  up,  as  it  were,  within 
the  spring  this  force  which  is  given  out,  and  the  force  so  given  out 
being  equal  to  the  force  which  was  required  to  give  the  spring  its 
bent  form.     We  have  just  now  used  certain  terms,  which  it  will  be 
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required  here  to  explain,  on  account  of  their  general  utility  to  the 
mechanic,  and  because  they  will  enable  the  youthful  student  all  the 
more  clearly  to  understand  the  further  phenomena  of  action  and 
reaction.     Those  terms  are 

Elasticity.  — Heeoil.  — Besiliency. 

On  first  approaching  the  subject,  the  reader,  presuming  that  he 
has  hitherto  considered  it  in  the  popular  or  general  way,  will  have 
no  diflBLculty  in  his  own  mind  as  to  what  an  elastic  body  is  as  com- 
pared with  one  not  elastic.  In  grasping  or  touching  a  body  he  as  it 
were  so  intuitively  feels  that  it  is  either  elastic  or  the  reverse,  that 
he  would  very  likely  be  surprised  at  being  asked  if  the  one  was  and 
the  other  was  not  elastic.  So  assured  is  he  in  his  own  mind  that 
the  one  tells,  so  to  say,  its  own  tale  so  readily,  as  against  that  of  the 
other,  that  thei-e  is  no  room  for  doubt.  But  while  this  popular  or 
general  conception  is  on  the  whole  mainly  correct  in  its  decision  as 
to  this  property  of  general  bodies,  it  is  apt  to  give  in  some  cases 
conceptions  which  are  the  reverse  of  accurate.  Take  any  given 
number  of  people  who  have  not  received  what  is  called  a  very  liberal 
education,  including  in  this  term  a  knowledge  of  the  general  facts  at 
least  of  science  or  technics,  and  it  may  be  safely  affirmed  of  them 
that  they  associate  the  idea  of  what  elasticity  is  only  with  bodies 
which  are  soft  and  capable  of  compression.  Thus,  they  can  tell  at 
once,  and  as  they  conclude  with  absolute  accui'acy,  that  a  mass  of 
clay  is  not,  while  one  of  india-rubber  or  of  worsted  is  elastic.  But 
they  consider  that  they  are  quite  as  accurate,  when  they  grasp  or 
touch  or  attempt  to  press  together  a  ball  of  ivory  or  a  ball  of  steel, 
in  saying  that  neither  the  one  nor  the  other  is  elastic,  and  this 
simply  because  both  bodies  are  very  hard.  At  least,  if  pressed  for 
a  reason  why  they  so  conclude,  fchey  would  possibly  have  a  difficulty 
to  give  another  reason ;  or  perhaps  many  would  be  content  to  give 
that  particular  reply  which  is  so  often  given  in  such  cases — "I 
cannot  tell  why,  I  only  know  that  those  things  are  not  elastic," 
confounding  here  knowledge  with  mere  assumption  or  feeling. 
Perhaps  the  only  exception  to  this  popular  conception  that  hardness 
is  not  elasticity  is  in  the  case  of  steel  springs,  the  material  of  which 
is  hard,  but  the  whole  body  of  which  so  arranged  is  elastic.  But 
this  idea  in  all  probability  flows  from  the  mere  arrangement  or 
shape  which  is  given  to  the  metal ;  and  that  this  is  very  probable 
iit^y  he  gathered  from  the  fact  that  the  same  mass  of  metal  if  pre- 
sented to  them  in  the  form  of  a  thick  bar  or  a  ball  would  be,  as  we 
have  seen,  pronounced  or  said  to  be  non-elastic  or  inelastic.  Just  as 
they  would  pronounce  a  large  and  thick  piece  of  whalebone  to  be 
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non-elastic  because  it  was  hard  and  to  touch  or  pressure  apparently 
unyielding,  while  if  they  saw  it  placed  so  as  to  act  as  a  familiar 
acquaintance  with  springs  of  various  kinds  has  taught  them  it  will 
act,  they  would  at  once  decide  that  it  was  elastic,  and  thus  dispute 
its  hardness.  But  apart  from  this,  which  we  take  to  be  almost  the 
only  exception  to  the  popular  idea  that  softness  or  a  capability  to 
yield  to  pressure  is  an  invariable  concomitant  of  a  body  they  say  or 
know  to  be  elastic,  the  converse  conception,  that  hardness  is  a  con- 
comitant of  bodies  which  are  non-elastic,  is  to  the  popular  mind 
borne  out  by  a  number  of  facts,  which  are  to  it  quite  conclusive, 
that,  as  a  rule,  hard — at  least  very  hard  bodies — are  non-elastic. 
When  they  see  a  glass  ball  shivered  into  atoms  when  thrown  against 
a  wall  or  a  stone  pavement  or  a  glass  vessel,  they  decide  at  once 
that  the  glass  is  a  non-elastic  substance.  In  like  manner,  if,  in  place 
of  being  in  the  form  we  shall  say  of  a  watch-spring,  which  to  the 
popular  mind  conveys  the  best  idea  of  what  a  perfect  elastic  body 
is,  they  saw  steel  in  the  form  of  a  hard  ball,  which  when  struck  by 
a  hammer  flew  into  a  number  of  pieces,  or  in  the  form  of  a  bar  was 
at  once  easily  broken  by  another  blow  of  a  hammer,  they  would 
almost  to  a  certainty  conclude  that  it — the  steel — was  a  non-elastic 
body.  Now,  in  both  cases,  these  conclusions  would  be  most  inaccurate, 
for  per  se — that  is,  in  or  by  themselves — glass  and  steel  are  elastic 
substances,  but  this  elasticity  which  they  naturally  possess  is  changed 
or  modi§ed  by  the  condition  in  which  they  are.  Thus,  it  is  to  the 
popular  mind  a  somewhat  difficult  thing  to  believe  that  a  bunch  of 
beautifully  shining  hair-like  substances,  so  elastic  that  it  waves  to 
and  fro  with  every  breath  of  passing  air,  and  can  be  twisted  round 
the  wrist  to  form  a  fancy  bracelet,  or  formed  into  a  chaplet  or 
wreath  for  the  brow  or  the  hair,  is  glass — ^the  very  same  substance 
which  in  the  form  of  a  drinking  glass  or  dish  they  know  to  be  so 
weak  that  it  is  the  popular  embodiment  or  synonym  for  fragile 
weakness.  And  the  contrast  between  what  is  the  actual  property 
of  glass  and  what  the  popular  conception  of  it  is  would  perhaps 
be  all  the  more  difficult  to  reconcile  if  they  saw  glass  in  the  same 
coiled-up  or  spiral  form  as  a  watch-spring  of  steel  gives — made  by 
a  recently  introduced  process — of  a  slender  hollow  tube.  It  is,  then, 
the  condition  in  which  the  glass  is  that  decides,  so  to  say,  whether  it 
is  to  be  classed  as  an  elastic  body  or  not ;  just  as  it  is  the  condition 
of  steel  which  decides  whether  it  is  to  be  an  elastic  body  or  the 
reverse — as  tough  and  yielding  as  in  the  case  of  a  watch-spring,  or 
as  brittle  as  glass  is  supposed  popularly  always  to  be.  What  the 
property  is  which  changes  the  condition  of  certain  substances  will 
presently  be  noticed ;  what  we  are  here  concerned  with  is  the  popular 
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idea  of  that  property  in  bodies  to  which  the  term  elastic  is  applied^ 
and  to  show  that  while  in  the  main  correct,  it  is  apt  to  be,  and  in 
many  cases  is,  far  from  being  so. 

Elasticity. — Befinition  of  the  temi)  etc. 

What,  then,  constitutes  the  property  of  elasticity?  how  is  the 
term  elastic  to  be  defined?  And  here  the  youthful  student  in 
mechanics,  while  in  no  way  surprised  to  be  told  that  his  own  or  the 
popular  conception  of  elasticity  is  just  as  likely  to  be  wrong  as  it  is 
to  be  right,  will  doubtless  be  surprised  to  learn  that  amongst  men 
of  science,  or  those  connected  either  with  its  practical  adapte.tion  to 
technical  work  or  with  its  enunciation  and  explanation  as  teachers, 
disputes  exist  as  to  what  elasticity  is.  If  these  are  not  characterised 
with  that  warmth  of  feeling  and  pungency  of  expression  which 
sometimes  distinguish  scientific  no  less  than  political  discussion,  it 
may  be  said  that  certainly  there  is  such  a  variety  of  opinions  that 
the  definition  of  the  term  elasticity  given  by  one  is  not  accepted  by 
another.  With  this  war  of  opinion,  which  at  least  in  more  than  one 
case  clusters  round  points  of  science  of  which  no  one  positively  kno^s 
anything,  nor  will  probably  ever  know  all  things  concerning  them, 
there  being  points  which  are  clearly  beyond  the  reach  of  human 
ken,  the  reader  will  be  apt  to  be  a  little  discouraged,  inasmuch  as 
he  may  feel  that  it  is  not  likely  that  he  will  be  able  to  understand 
what  elasticity  is,  if  wiser  heads  and  more  experienced  minds  than 
his  have  failed  to  hit  upon  a  definition  which  all  can  accept  as 
correct  or  axiomatic.  We  shall,  however,  entertain  the  hope  that, 
by  taking  or  endeavouring  to  take  what  we  may  call  a  common-sense 
view  of  the  subject,  we  may  be  able  to  give  him  a  fair  conception  of 
what  elasticity  is,  even  in  a  strictly  scientific,  at  least  common-sense 
scientific  sense.  Moreover,  the  student  may  take  this  comforting 
assurance  to  heart :  that  if  we  cannot  all  agree  as  to  what  elasticity 
is,  or  what  the  condition  of  matter  or  the  ultimate  atoms  of  it  in 
relation  of  this  property,  all  can  trace  out  and  comprehend  the 
phenomena  dependent  on,  and  so  to  say  created  by  it,  just  as  we 
can  avail  ourselves  of  all  the  phenomena  of  light,  of  heat,  of  weight 
or  gravity,  or  of  electricity,  although  men  may  never  agree,  as  they 
will  to  all  appearance  never  find  out  what  they  actually  are.  This, 
at  all  events,  is  an  assuring  fact,  for  the  practical  man  who  deals 
with  "  forces  "  makes  and  helps  his  "  clients  "  or  customers  to  make 
money  out  of  them,  although  his  own  definition  of  what  "  force  "  is, 
or  that  of  some  scientific  authority  to  "  whose  skirts  he  clings,"  may 
be  disowned  by  some  other  authority  as  utterly  intolerable  if  it  be 
not  pronounced  as  silly  and  absurd.     The  term  "elasticity,"  then, 
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has  been  defined  to  be  that  condition  of  matter  in  which  the  atoms 
are  so  placed  or  related  only  in  one  particular  arrangement  to  each 
other  that  they  yield  to  a  force  applied  to  them — that  is,  change 
their  form  so  far ;  but  which  recover  this  form  immediately  on  the 
force  being  withdrawn  or  ceasing  to  bo  exerted.  In  other  words,  the 
particles  of  an  elastic  body  are  driven  inwards  by — that  is,  yield  or 
give  way  to — a  force  exterior  to  them,  but  on  the  force  ceasing  to 
exert  itself,  so  to  say,  these  particles  ai'e  driven  back  again  so  as  to 
resume  precisely  the  same  position  they  occupied  before  the  force 
was  applied.  And  this  "  something,"  which  "  drives,"  so  to  express 
it,  the  particles  back  again  to  their  original  form,  is  that  to  which 
the  term  ''elastic"  is  given.  For  a  body  may  have  its  atoms  so 
arranged  in  relation  to  one  another  that  a  force  external  to  them 
applied  may  drive  them  inwai'ds,  but  they  may  remain  in  this  position 
into  which  they  are  driven — that  "  something  "  being  absent  which 
drives  them  back  again ;  and  when  this  is  absent  we  say  that  the 
body  or  substance  is  not  elastic,  or  non-elastic,  or  inelastic.  This 
use  of  the  term  "  drive,"  while  it  gives  a  good  idea  of  what  is  done 
by  the  external  force  and  by  that  internal  "  something,"  may  not  be 
by  many  deemed  to  be  scientific,  or  at  all  events  elegant ;  yet  never- 
theless it  is  one  which  is  derived  from  the  very  term  "  elastic  "  itself. 
For  on  examination  we  find  that  the  word  is  derived  from  the  Latin 
word  dasticus,  and  this  again  from  the  Greek  elaunein,  which  means 
*'to  drive";  and  the  common  definition  of  the  term  elasticity,  of 
which  this  is  the  root,  is  simply  a  statement  of  what  we  have  already 
given — namely,  that  a  body  possesses  this  elasticity  which  when 
driven  forward  by  a  force  can  spring  back  when  that  force  is  removed, 
— or  if  its  form  be  changed  by  the  force,  that  the  form  will  be  resumed 
when  that  force  ceases  to  be  existent.  We  can  now  see  the  reason 
or  root  of  the  popular  conception  of  an  elastic  body.  Now,  for  the 
most  part  people  associate  the  conception  of  non-elasticity,  or  want 
of  "  springiness  "  as  many  term  it,  with  hard  bodies,  and  of  elas- 
ticity or  springiness  with  bodies  which  are  soft,  but  which  when 
pressed  with  a  force,  say  that  of  a  grasping  hand,  or  by  the  weight 
of  a  heavy  body  pressed  upon  them,  are  "  put  out  of  shape  " — to  use 
the  common  expression — or  change  their  form,  but  which  resume 
that  shape  or  form  when  the  pressure  of  the  weight  is  removed  or 
the  gi-asp  of  the  hand  i*eleased.  But  if  the  soft  body  when  pressed 
or  grasped  changes  its  form  or  shape,  but  does  not  resume  this  when 
the  pressure  is  released,  the  popular  mind  at  once  decides  that  the 
body  is  not  elastic.  The  difference  between  a  ball  of  putty  or  of  clay 
and  one  of  india-rubber  is  at  once  distinctly  understood,  and  this 
difference  of  condition  thus  experienced  is  expressed  by  the  term 
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elastic  or  non-elastic  being  applied.  And  it  is  just  because  this 
change  of  form  caused  by  the  driving  back,  and  the  resumption  of 
that  form  by  another  driving  back,  as  explained  in  preceding  matter, 
is  not  made  obvious  to  the  senses,  as  in  the  case  of  soft  yet  elastic 
substances,  that  the  popular  mind  generally  has  the  notion  that  hard 
or  very  hard  substances  are  not  elastic ;  the  chief  exception  to  this 
being,  as  we  have  said,  the  case  of  a  steel  spring,  which  is  so  univer- 
sally associated  with  elasticity  that  the  term  "  springiness  "  has  come 
to  be  more  popularly  and  generally  used  as  denoting  this  quality  or 
property  of  elasticity  than  this  latter  term  itself.  This  springiness 
or  tendency  to  resume  its  preceding  form  or  position  when  pressure  is 
relieved  from  a  body  is  indicated  when  we  use  the  terms  or  words — 

«*  Eeooil,*'— **  EesUient,"— "  Eesiliency." 
When  we  take  an  elastic  body,  as  a  ball  of  india-rubber,  and  throw 
it  in  a  straight  line  against  a  wall,  the  ball  comes  back  again  towards 
us.  In  common  language  we  say  that  the  ball  "  springs  "  back  from 
the  wall,  or  leaps  up  or  springs  up  from  the  floor  or  ground.  In  the 
more  precise  term  of  science,  we  say  that  the  ball  "recoils."  To 
many,  this  word,  taking  it  simply  as  it  stands,  conveys  no  definite 
meaning,  or  may  convey  an  erroneous  one,  as  involving  the  idea  of 
twisting  or  coiling.  The  full  meaning  of  the  term,  and  the  light 
it  throws  upon  the  phenomena  of  "  repulsion "  from  elasticity,  is 
perceived  when  we  examine  the  root  or  source  of  the  word.  It  is 
derived  from  the  French  verb  reculeTf  and  this  from  the  Latin  re, 
again,  and  cidiM,  the  back,  or  rather  the  posterior  part  of  the  body. 
Literally,  then,  it  means  "  back  again,"  "  to  come  back,"  "  to  draw 
back,"  "to  spring  or  leap  back,"  meaning  all  the  same  thing  as 
"  recoil."  The  word  "  rebound  "  is  synonymous  with  recoil,  and  is 
itself  derived  from  the  French  verb  bondir,  to  leap  or  spring  back. 
The  term  "resilient"  means  in  effect  the  same  thing,  but  there  is 
this  difference.  In  the  technical  language  of  science  we  use  the  term 
"  recoil "  in  connection  with  bodies  in  motion  acting  under  forces ; 
we  employ  the  word  "resilient"  in  connection  with  bodies  at  rest 
under  the  influence  of  force  or  pressure.  The  term  "  resilient "  is 
derived  directly  from  the  Latin  resiliena,  which  is  the  present  par- 
ticiple of  the  verb  reailere,  to  leap  backward,  and  this  from  re,  again, 
and  scdere,  to  leap.  Thus,  a  wrought-iron  beam,  for  example,  which 
spans  an  opening,  may  in  its  normal  or  ordinary  condition,  when 
sustaining  its  own  weight  only,  be  level  through  its  length,  as  at 
a  6  c  in  fig.  20.  But  if  it  be  subject  to  a  heavy  weight,  say  of  a 
passing  railway  train,  it  is  bent  or  pressed  downwards  from  the 
centre  e,  the  lower  side  of  the  beam  assuming  a  more  or  less  decided 
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curve,  HSSit  d  ef.  This  bending  or  pressing  downwards  of  a  beam 
is  called  technically  its  "  deflection,"  which  denotes  the  effect  of  the 
pressure  or  strain  to  which  it  is  subjected.  This  term,  again,  is 
derived  directly  from  the  Latin  verb  dejlectere,  and  this  latter  from 
de,  from,  a.nd  fiectere,  to  turn  or  bend.  When  the  weight  or  pressure 
which  is  presumed  to  cause  the  bending  or  deflection,  as  illustrated 
Aid  e/in  fig.  20,  is  removed,  the  beam  has  a  tendency  to  return  to 
its  normal  or  level  condition,  as  at  a  6  c.  This  is  literally  a  springing 
back  from  position  e  to  position  6,  and  the  tendency  is  called  the 
"  resiliency  "  of  the  beam.  What  in  beam  work  is  called  technically 
"  camber  "  is  giving  to  the  form  as  at  first  made  a  curve  or  set  in 
a  direction  opposite  to  that  at  d  ef,  as  shown  Bit  g  h  t,  the  object 


Fig.  20. 
being  that  when  the  beam  is  placed  in  situ  or  permanent  place  or 
position  it  will,  from  the  pressure  or  strain  produced  from  its  own 
weight,  or  that  put  upon  it,  fall  down,  as  it  were,  in  the  centre  h^ 
and  assume  the  level  line,  as  a  6  c.  So  closely  do  engineers  calcu- 
late the  dimensions  of  a  beam,  of  whatever  form  of  construction, 
solid  or  open  or  lattice  girders,  that  they  can  give  to  it  such  a  precise 
amount  of  "  camber,"  as  at  A,  that  on  being  placed  in  situ  they  know 
that  it  will  assume  the  line  they  desire  it  should  have.  Just  as,  on 
the  other  hand,  they  can  calculate,  when  the  beam  is  subjected  to 
the  pressure  or  strain  to  meet  which  it  is  designed,  what  the  precise 
amount  of  "  deflection  "  of  the  beam,  as  at  e,  will  be,  and  that  when 
the  pressure  is  taken  off  it  will  assume  the  form  oi  a  b  c,  or  that 
which  it  is  designed  to  assume. 
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Peculiarities  in  Bodies  or  Phenomena  dependent  upon  the  Elasticity  of 
Matter  applicable  to  Xeohanical  Practice. 

The  young  mechanical  student  should  now  have  a  fair  conception 
of  what  that  property  of  bodies  is  to  which  the  term  elasticity  is 
given,  and  this  without  going  at  all  deeply  into  the  abstruse  dis- 
quisitions so  delighted  in  by  some  writers  as  to  what  elasticity  is. 
Neither  will  it  serve  any  great  useful  or  practical  purpose,  when  at 
this  stage  of  his  technical  education,  to  follow  some  of  those  writers 
into  the  details  of  what  we  presume  must  or  ought  to  be  termed 
investigations  into  the  condition  of  the  ultimate  atoms  of  matter. 
He  may  therefore,  with  all  safety — and  indeed  by  doing  so  secure 
the  safety  which  will  be  of  practical  value  to  him — assume  that  there 
are  no  bodies,  or  there  is  no  body,  absolutely  that  is  perfectly  elastic, 
any  more  than  there  are  bodies  or  a  body  absolutely  and  perfectly 
non-elastic.  And  this  he  may  do  in  the  face  of  the  assertion  of  some 
of  those  who  have  made  the  investigations  above  alluded  to,  that  the 
ultimate  atoms  of  matter  are  **  absolutely  non-elastic  or  inelastic." 
All  assertions  of  this  kind  are  based  upon  mere  assumption ;  they 
cannot  possibly  be  based  upon  facts  which  are  known.  The  ultimate 
atoms  of  all  matter  are  so  minute, — or  let  us  put  it  in  this  way,  are 
said  to  be  so  minute,  that  they  are  further  stated  to  be  absolutely 
invisible — that  is,  they  are  not  capable  of  being  split  or  cut  up,  so 
to  say,  into  two  or  more  parts,  the  atoms  being  the  final  condition 
in  which  matter  exists,  beyond  which  it  cannot  possibly  go.  Again, 
it  may  well  be  asked,  If  atoms  are  invisible,  how  can  you  see  to  cut 
them  up — if  a  thing  which  is  indivisible  can  be  cut  up  1  If  atoms 
be  inelastic  absolutely,  the  young  student  will  have  what  he  may 
justly  call  a  common-sense  difficulty  to  see  how  a  body — which  is 
assuredly  made  up  of  the  atoms,  otherwise  it  cannot  exist— can 
become  elastic,  when  the  very  things  (if  we  may  by  this  undignified 
term  denote  the  highly  scientific  term  atoms)  of  which  the  body  is 
composed  are  themselves  inelastic.  He  might  ask  a  very  familiar, 
or  what  some  might  call,  in  view  of  the  dignity  of  science,  a  vulgar 
question,  such  as  this :  "  If  you  have  a  heap  of  coins  consisting  of 
what  you  call  sixpences,  how  is  it  that  you  say  that  they  are  changed 
into  shillings  ?  or,  if  so,  how  does  the  change  come  about  ? "  Or 
this  :  "  You  have  a  heap  of  bricks,  each  brick  being  neither  more 
nor  less  than  a  brick,  and  when  built  up  you  form  what  is — a  brick 
wall  ? —  no  !  you  say  it  is  a  stone  wall,  or  a  wall  of  some  substance 
or  another,  but  not  brick,  for  the  bricks  are  changed :  how,  then, 
does  the  change  come  about  1 "  But  then,  in  regard  to  this  assertion 
that  the  ultimate  atoms  are  "  absolutely  inelastic,"  the  difficulty  in 
connection  with  the  theory  upon  which  the  phenomena  of  bodies  in 
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a  gaseous  or  aeiiform  condition  are  accounted  for  on  the  supposition 
that  atoms  are  elastic  comes  into  existence.  And  some  very  easily 
meet  it  by  asserting  that  there  are  different  kinds  of  atoms,  or,  as ' 
we  should  perhaps  rather  put  it,  different  conditions  of  the  ultimate 
atoms,  one  condition  giving  the  property  of  elasticity,  which,  as  we 
have  seen,  they  do  not  grant  to  the  ultimate  atom  itself.  But  they 
do  not  know  how  this  condition  or  change  is  brought  about. 

Elastic  and  iTon-elastio  Bodies. 

We  have  seen,  in  noticing  the  phenomena  of  "attraction  and 
repulsion  "  of  moving  bodies,  that  action  and  reaction  are  equal  and 
opposite;  and  we  have  shown  this  by  various  illustrations  drawn 
from  circumstances  of  daily  life.  The  law  of  action  and  reaction 
equal  and  opposite,  which  is  of  the  utmost  value  in  mechanical  work, 
is  further  illustrated  by  the  phenomena  of  elastic  bodies  in  motion. 
If  a  ha/rd  body  strikes  a  soft  and  yielding  body,  the  softer  body  gives 
way,  receding  from  the  harder  body  in  virtue  of  the  principle  or  law 
of  impenetrability  which  forbids  any  two  bodies  to  exist  in  the  same 
space — the  result  being  that  the  shape  or  form  of  the  soft  body  is 
altered,  and  a  permanent  malformation  or  deformation  is  the  result. 
It  is  in  the  capability  to  receive  a  permanent  deformation  that,  in 
the  popular  sense  at  least,  lies  the  evidence  that  no  body  or  substance 
is  non-elastic.  As  we  have  seen  that  no  body  is  absolutely  non-elastic 
— at  least,  that  it  is  exceedingly  probable  that  this  is  so — ^the  soft 
body  will  present  some  degree  of  resistance,  so  to  call  it,  to  the 
influence  of  the  hard  body  to  cause  a  change  in  its  shape.  And  just 
as  the  body  increases  in  elasticity,  so  does  its  power  to  resist  perma- 
nent alteration  in  its  form  increase;  till  when  two  bodies  equally 
elastic  come  into  forcible  contact  with  each  other,  the  force  of  the 
concussion  causes  no  permanent  deformation  or  any  visible  alteration 
either  in  their  general  form  or  at  the  point  where  they  come  in 
contact  with  each  other.  We  say  no  permanent  deformation,  no 
visible  alteration  in  the  concussing  or  colliding  .bodies,  which  we  of 
course  assume  to  be  perfectly  elastic — using  the  term  perfectly  in 
the  conventional  sense,  as  no  other  is  open  to  use.  Thus  we  call  all 
gases  or  airs  perfectly  elastic,  liquids  in  this  sense  the  same;  the 
difference  between  them  (as  air  and  water,  for  example)  being  that 
the  range  of  elasticity  or  extent  through  which  it  is  exerted  is  very 
large  in  the  case  of  the  air,  and  so  small  in  the  case  of  the  water 
that  it  is  practically  inexpressible.  Steel  and  ivory  we  class  as 
perfectly  elastic  bodies ;  so  also  glass  under  certain  conditions,  which 
overcome  another  property  it   possesses  of  being  in  certain  other 
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conditions  very  brittle.  All  these  are  held  to  be  perfectly  elastic,  as 
they  will  not  retain  permanently  any  bend  or  change  of  form  given 
to  them.  Thus  india-rubber,  which  some  hold  to  be  a  perfectly 
elastic  substance,  and  is  beyond  all  doubt  one  of  the  most  elastic 
substances  we  possess,  is  not  perfectly  elastic,  because  there  is  a 
condition  in  the  change  of  its  form  in  which  it  will  retain  that  form 

Elastic  Bodies— Aotion  and  Reaction. 

This  property  of  perfectly  elastic  bodies  to  retain  no  deformation, 
or — to  use  a  term  familiar  to  all  mechanics — to  keep  no  "  set "  which 
may  be  given  to  them  by  the  application  of  a  force  superior  to  their 
power  to  resist  it,  or  in  other  words  sufficient  to  overcome  their 
elastic  strength,  must  be  borne  in  mind  in  considering  generally  the 
phenomena  of  elasticity  in  bodies  in  motion  or  subjected  to  "  force  " 
or  "  pressure."  But  while  we  see  that  there  is  a  permanent  change 
of  form,  it  must  not  be  concluded  that  there  is  no  change  in  the 
position  of  the  particles  of  the  body  perfectly  elastic  or  considered 
to  be  so.  In  the  case  of  two  ivory  balls  coming  forcibly  into  contact 
by  forces  acting  in  opposite  directions — the  force  being  equal  and 
the  masses  also — there  is  in  reality  a  compression  of  the  particles 
nearest  the  point  of  contact,  so  that  a  flattening  of  the  surfaces  of 
each  takes  place,  and  of  equal  extent.  But  that  there  is  a  flattening 
or  change  may  be  proved  by  dashing  the  ivory  ball  with  great  force 
against  a  marble  slab,  the  surface  of  which  is  wetted  or  visibly  moist : 
the  water  or  moisture  will  be  found  to  have  been  dried  up  or  to 
have  disappeared  over  the  same  extent  of  circular  space  which  is  the 
measure  of  the  flattening  out  of  the  surface  of  the  ivory  ball  at  the 
point  ©r  part  of  its  contact  with  the  slab.  This  case  is  an  example 
of  the  *' retarded  "  motion  caused  by  the  force  of  "repulsion."  The 
flattening  of  the  ball  is  the  result  of  the  compression  of  its  particles, 
and  this  in  proportion  to  the  force  with  which  it  was  propelled 
against  the  marble  surface ;  and  as  this  compression  is  proceeding, 
the  repulsion  of  the  •particles  of  the  ball  increasing  lessens  gradually 
the  motion  of  the  ball  in  the  direction  of  the  force  which  propelled 
it,  till  it  ultimately  assumes  a  state  of  rest.  Th«  conditioii  is  now 
changed  at  this  point,  and  we  have  in  it  an  example  of  "  accelerated 
motion  "  from  the  force  of  repulsion — for  the  two  bodies  are  at  their 
point  of  contact  at  the  time  above  noticed  in  this  highest  degree  or 
state  of  compression,  acting  or  reacting  on  the  ball — which  projects 
it  from  the  surface  of  the  slab  or  back  again  in  the  same  line  of 
direction  in  which  the  force  originally  propelled  or  dashed  the  ball 
against  the  marble.     We  have  in  this  accelerated  return  motion  an 
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example  of  the  "  recoil "  or  "  rebound  "  of  the  ball  from  the  marble. 
We  can  perceive  that  before  the  reaction  or  return  motion  takes 
place  a  certain  time  must  elapse — ^^that  is,  from  the  time  the  ball 
strikes  to  the  time  that  its  former  motion  is  so  retarded  by  repulsion 
that  it  stops.     Now,  the  time  taken  in  this  process,  which  is  repre- 
sented practically  by  that  of  the  ball  in  resuming  its  form,  is  clearly 
the  measure  of  its  elasticity ;   and  the  same  holds  true  of  all  sub- 
stances which  are  moi-e  or  less  elastic:   the  more  elastic  they  are 
the  quicker  is  the  time  in  which  they  return  to  their  original  form  ; 
or,  what  is  the  same,  the  more  quickly  is  their  "rebound"  or  "recoil" 
made,  and  the  greater  is  the  extent  or  range  of  that  in  proportion 
to  the  force.     It  is  this  change  in  the  form  or  the  condition  or 
position  of  the  particles  of  a  body  which  commences  when  it  is  put 
in  forcible  contact  with  another  body  that  brings  into  play  its  own 
essential  or  inherent  force  of  elasticity,  which  acts  in  direct  opposition 
to  the  force  which  gives  the  contact  or  causes  the  concussion.     The 
same  phenomena,  although  expressed  or  shown  in  different  ways,  are 
illustrated  by  two  or  more  elastic  bodies  in  motion.     Thus,  if  two 
ivory  balls  are  propelled  along  a  smooth  and  level  surface  with  equal 
velocities  and  having  equal  masses,  when  they  meet  in  the  direction 
of  their  line  of  centres  they  wUl  rebound  or  recoil  from  each  other 
with  the  same  velocity.    In  this  case  reaction  and  action  are  precisely 
equal.     The  same  will  be  the  case  if  the  balls,  though  of  same  mass, 
meet  each  other  or  come  into  collision  with  different  velocities  or 
speeds  :  the  recoil  will  be  at  different,  but  with  exchanged  velocities 
— that  is,  the  ball  which  had  the  quickest  speed  at  first  will  have 
the  slowest  speed  in  the  recoil  motion,  and  vice  versd.     But  action 
and  reaction  are  still  equal ;  for  the  accelerated  motion  of  repulsion 
which  comes  into  play  when  the  retarded  motion  ceases — that  is, 
when  the  inherent  elastic  force  of  the  ball  acts — will  make  the  ball 
recoil  in  the  same  proportion.     Hence  it  is  that  if  there  be  an  ivory 
or  other  perfectly  elastic  ball  at  rest  upon  a  smooth  level  surface,  and 
another  ball  of  equal  mass  is  propelled  so  that  it  comes  in  collision 
with  the  stationary  ball  in  the  direction  of  their  line  of  centres,  the 
stationary  ball  will  dart  or  start  off  in  the  same  direction  as  that  of 
the  striking  ball,  and  with  the  same  velocity  which  this  possessed, 
while  this  in  its  turn  loses  its  motion  and  comes  to  rest.     In  this 
transfer  of  motion  reaction  and  action  are  precisely  equal,  for  the 
force  of   reaction  of   the  stationary  ball  acting  in  the  way  above 
explained  in  bringing  the  primary  ivory  ball  to  a  state  of  rest — that 
is,  annihilating  its  speed  or  motion — is  the  same  as  the  force  of 
action  of  the  primary  moving  ball  which  gives  the  speed  or  motion 
to  the  ball  which  at  first  was  stationary  or  at  rest.    This  transference 
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of  motion  from  one  elastic  body  to  another,  and  which  further  illus- 
trates the  law  of  action  and  reaction  equal  and  opposite,  is  seen  in  a 
row  of  balls  which  are  in  contact  with  each  other  and  at  rest  on  a 
smooth  and  level  surface.  If  the.  ball  nearest  the  source  of  force  or 
power  be  struck  by  a  ball  propelled  by  that  power  in  the  same  time 
as  the  line  of  centres  of  the  stationary  balls,  the  striking  ball  has  its 
own  motion  arrested,  or  rather  it  is  transferred  to  the  fii-st  stationary 
ball;  this  transfers  it  to  the  second,  and  so  on,  till  it  is  taken  up 
by  the  last  ball,  which  then  darts  or  starts  off  in  the  same  direction 
and  with  the  same  speed  as  the  striking  ball.  If  two  balls  coming 
in  contact  were  of  a  perfectly  non-elastic  substance,  there  would, 
when  the  velocities  and  masses  were  equal,  be  no  rebound  or  recoil, 
and  therefore  no  motion,  which  would  be  destroyed,  so  that  in 
coming  into  collision  both  would  be  at  rest.  While  there  is  action 
there  is  no  reaction,  for  there  is  no  retarding  force  of  repulsion 
causing  a  change  in  compression  in  the  particles,  so  that  there  is 
no  accelerating  force  or  resumption  of  the  parts,  which  would  other- 
wise be  experienced ;  and  it  is  only  by  this  inward  change  in  bodies 
that  their  elastic  force  is  measured,  for  if  there  is  no  change  there 
is  no  elasticity.  But,  as  we  have  said,  there  are  no  absolutely  non- 
elastic  bodies,  so  that  we  have  many  substances  which,  though  not 
classed  as  perfectly  elastic  bodies,  display  the  phenomena  of  elasticity 
to  a  greater  or  less  degree.  This  elasticity  in  bodies  coming  or 
brought  into  contact  with  each  other  may  be  looked  upon  in  the 
light  of  a  spring  placed  betweeti  the  two,  which  is  capable  of  acting 
in  two  and  in  opposite  directions.  The  reader  will  be  able  to  under- 
stand the  action  if  he  supposes  a  spring  to  be  connected  with  and 
projecting  from  a  iixed  and  firm  suAace,  as  a  wall,  and  to  be  of  such 
a  strength  that  he  can  press  it  inwards  with  but  a  moderate  degree 
of  strength  of  arm.  As  he  continues  to  press  inwards,  he  finds  the 
speed — so  to  call  it — get  gradually  slower  and  slower :  this  is  the 
reduction  of  motion  by  the  force  of  repulsion  in  the  spring.  But  if, 
on  reaching  the  point  beyond  which  his  strength  in  compressing  the 
spring  fails,  he  releases  his  muscular  pressure  upon  the  spring,  he 
finds  that  its  motion  outwards  increases  very  fast :  this  is  the  accele- 
ration of  motion  arising  from  repulsion.  We  suppose  in  this  case 
the  spring  to  be  very  sensitive  and  acting  through  a  wide  range.  A 
watch-spring  is  a  good  example :  it  takes  a  long  time  comparatively 
to  wind  up,  so  to  say,  or  compress  it  into  its  spiral  form,  but  on  its 
leing  released  by  the  fingei-s  it  springs  outwards  to  its  own  condition 
almost  instantaneously.  If  two  springs  attached  to  two  bodies  be 
brought  into  contact,  and  a  force  of  some  kind  presses  the  bodies 
together,  the  spring  will  be  compressed  with  a  gradually  retarding 
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motion ;  and  when  the  force  is  released  or  ceases  to  be  exerted  the 
springs  will  be,  so  to  say,  suspended  in  their  forward  movement,  and 
the  two  bodies  will  then  move  away  from  each  other.  A  very  simple 
yet  effective  illustration  of  elasticity,  as  being  as  it  were  springs 
between  the  bodies,  is  obtained  by  holding  two  balls  of  vulcanised 
indiarubber  between  the  thumb  and  finger  and  alternately  compress- 
ing and  releasing  them,  when  they  will  alternately  go  towards  and 
move  from  each  other. 

Springiness  or  Elastioity  in  Bodies. 

This  springiness  or  elasticity  in  bodies  it  is  which,  in  virtue  of  the 
law  we  have  explained,  affects  work  done  when  bodies  are  to  be 
forced  into  and  through  other  bodies  or  be  broken  up  or  smashed. 
The  more  closely  the  bodies  approach  the  condition  of  perfect  elas- 
ticity— in  the  conventional  sense  of  the  term — the  more  difficult  it 
is  to  break  them  up ;  and,  if  not  only  the  body  to  be  broken,  but  an 
instrument  or  implement  by  which  the  breaking  is  to  be  done,  be 
elastic,  the  breaking  up  will  be  a  matter  of  some  difficulty.  If  both 
are  equally  hard,  and  as  nearly  as  possible  approaching  the  condition 
of  absolute  or  perfect  hardness,  the  result  will  be,  possibly,  that  the 
smashing  up  of  the  two  bodies — although  in  certain  conditions  the 
motion  or  force  would,  be  so  to  say,  counterbalanced,  as  in  the  case 
of  the  two  meeting  balls  already  explained — being  absorbed,  so  to 
say,  or  taken  up  equally  by  the  two  bodies,  but  not  given  out  by 
them,  as  they  are  destitute  of  elasticity.  In  the  driving  iu  of  a 
timber  stake  into  the  soil,  progression  or  downward  movement  is 
due  partly  to  the  elasticity  of  the  timber,  and  partly  to  a  certain 
degree  of  elasticity  in  the  hammer:  if  both  were  absolutely  hard 
and  inelastic  there  would  be  no  descent  of  the  stake  into  the  ground. 
For  points  connected  with  the  work  of  "  striking  "  see  paragraphs 
on  the  subjects  of  centres  of  gravity  and  centres  of  percussion. 

Becoil  or  Bebonnd  of  Bodies. 
We  have  seen  that  an  elastic  body  or  an  ivory  ball  striking  against 
a  marble  slab  or  an  elastic  surface  recoils  or  rebounds  from  the 
surface,  and  the  speed  or  velocity  with  which  it  does  so  is  the  same 
as  that  which  it  possessed  at  the  instant  of  striking  the  surface.  If 
the  reader  has  traced  the  law  of  retarded  and  accelerated  motion  of 
repulsion  as  we  have  explained  it  he  will  have  no  difficulty  in  seeing 
this.  The  rebound  or  recoil  of  the  ball  or  body  from  the  surface  is 
in  the  same  line  of  direction  as  that  exerted  by  the  force.  Thus, 
if  the  ball  a,  fig.  21,  is  made  to  strike  the  surface  6  5  by  a  force 
acting  in  the  direction  of  arrow  c,  at  right  angles  to  h  6,  the  ball 


180    TfiE  TECflNlCAL  STUDENt's  IKTHODUCtION  !rO  MECHANICS. 


recoils  or  rebounds  in  the  opposite  direction,  as  shown  at  c,  in  order 
to  avoid  confusion  with  point  d,  but  the  direction  of  its  path,  ef,  is 
the  same  as  that  of  c  d — that  is,  at  right  angles  to  b  ^-— and  takes 
the  ball  to  g.  But  if  the  direction  of  the  force  acting  upon  the  ball 
h  be  not,  as  before,  from  m  toj,  but  at  an  angle  to  this,  as  in  the 
direction  of  the  arrow  h,  the  ball  i  on  striking  the  surface  &tj  does 
not,  as  some  at  first  sight  might  suppose  it  would,  return  to  the 
point  h  in  the  same  direct  line  j  i,  but  it  recoils  or  rebounds  from 
the  surface  J  in  the  direction  J  k,  and  reaches  I,  the  line^*  I  being  in 
relation  to  the  line  ij  identical  with  the  line  J  I — that  is,  the  angle 


Fig.  21. 
of  the  force  line  kj  is  equal  to  the  angle  of  recoil  line  J  I.  The  usual 
form  in  which  this  law  of  "  reflected  ''  bodies  is  expressed  is  that  the 
angle  of  incidence  (as  i  j)  is  equal  to  the  angle  of  reflection  (j  I), 
The  term  "  incidence,"  here  used  to  denote  the  angle  in  which  the 
force  acts  which  propels  the  ball  or  body,  is  derived  from  the  Latin 
word  incidus,  and  this  from  two  Latin  words,  in,  and  cadere,  to  fall. 
A  ray  of  light,  for  example,  is  said  to  fall  upon  a  reflecting  surface. 
In  common  language,  the  ball  i  in  fig.  21  would  not  be  said  to  fall 
upon  the  surface  j  in  the  same  sense  as  the  ball  a  falls  upon  h  h, 
the  distance  a  d  being  the  extent  of  drop,  but  i  is  said  to  be  "  driven 
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up  "  against  j  in  the  direction  of  ij,  thus  conveying  the  idea  that 
force  is  applied,  and  not  merely  that  of  gravity,  as  in  the  case  of  a 
ball  a.  So  that  the  popular  expression  is  more  accurate  than  the 
scientific*  one  of  incidence.  The  angle  of  "  projection  "  would  be  a 
more  accurate  term,  and  would  convey  the  idea  of  a  force  being 
employed,  as  that  of  the  act  of  "  throwing,"  the  term  "  projection  " 
being  derived  from  the  Latin  projicere,  projectum,  and  these  from 
prOf  for  or  from,  and  jacere,  to  throw  from,  or  cast  out.  The 
meaning  of  the  term  projectile  is  thus  clearly  indicated  by  the  deri- 
vation ;  and  hence  also,  we  think,  the  greater  accuracy  of  the  term 
"  angle  of  projection."  The  term  "  reflection,"  in  the  other  part  of 
the  definition  of  the  law  regulating  the  striking  of  bodies  upon 
surfaces,  is  derived  from  the  Latin  noun  rejlexio,  and  this  from  re, 
from,  &nd  Jlectere,  to  bend,  which  gives  in  the  term  reflection  a  very 
clear  idea  of  the  change  of  direction. 

Angles  of  Incidence  and  Befleotion  Equal* 
This  law  of  the  angles  of  incidence  (projection)  and  reflection  being 
always  equal  is  that  which  governs  the  phenomena  of  all  bodies 
reflected,  not  only  gas  or  air,  but  water  as  in  waves,  or  light  and 
sound  as  in  solid  bodies  or  balls.  Much  if  not  all  of  the  skill  in 
billiard  playing  in  its  highest  ranges  is  displayed  in  taking  advantage 
of  this  law,  although  there  are  players  by  the  score  who  exemplify 
it  in  the  most  marvellous  manner  without  the  faintest  conception 
that  they  are  illustrating  a  very  important  law  in  physics.  There 
are  many  who  call  it  a  scientiflc  game  who  could  not  easily,  if  at  all, 
explain  on  what  scientific  laws  it  depended.  Every  stroke  illustrates 
a  law : — In  simple  repulsion,  if  a  ball  is  made  to  strike  the  ball  o, 
fig.  21,  with  a  blow  or  impact  in  the  direction  of  the  arrow  n,  one 
angle  being  equal  to  the  other,  and  the  ball,  in  place  of  driving  o 
straight  on,  has  to  drive  it  in  the  direction  of  the  arrow  /?,  the 
stroke  must  be  made  in  the  direction  of  the  arrow  n,  so  that  the 
angle  at  which  the  ball  strikes  the  cushion  at  the  point  p — the  angle 
o  p — shall  be  equal  to  the  angle  p  q,  the  ball  rebounding  from  the 
cushion  at  point  p  and  driving  it  along  in  the  direction  of  p  q.  We 
have  said  that  this  law  of  angle  of  projection  being  equal  to  the 
angle  of  reflection  governs  the  action  of  all  reflected  bodies — light, 
sound,  water,  and  gaseous  fluids  or  air  alike ;  and  it  is  this  which 
is  taken  advantage  of  in  a  great  variety  of  ways  by  those  engaged 
in  the  various  departments  of  construction.  The  following  example 
well  illustrates  the  action  of  the  law  as  regards  air.  We  suppose 
a  candle  to  be  covered  by  a  transparent  shade,  and  placed  so  high 
that  tb^  fittendpint  could  not  reach  to  bjgw  the  candle  oqt,  from  th^ 
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shade  intervening;  but  if  he  lield  a  piece  of  paper  or  thin  board,  or 
even  placed  hm  extended  palm  in  an  angular  direction,  the  blast  of 
air  from  bis  mouth  placed  at  a  low  level,  althoagh  proceeding  in 
such  a  direction  that  without  the  card  it  would  pass  far  above  and 
ftway  from  the  candle,  yet  with  the  card  is  reflected  from  it  in  a 
direction  such  that  it  strikes  the  flame,  and  if  the  blast  be  strong 
enough  extinguishes  it — the  angle  of  the  blast  of  air  passing  upwards 
from  the  mouth  to  the  card  being  equal  to  the  angle  of  current  of 
air  from  the  card  down  through  the  opening  of  shade  to  the  candle. 
This  principle  ia  exemplified  in  a  very  practical  way  in  much  of  the 
apparatus  of  the  ventilating  engineer.  The  majority  of  his  appliances, 
by  which  he  creates  currents  or  assists  those  created  in  ventilating 
tubes,  by  what  are  known  as  "  caps  "  or  "  cowls,"  or  more  generally 
as  "ventilators,"  depend  upon  the  nature  of  the  deflecting  ("  bending 
from  " — see  derivation  of  word  "  reflection  ")  surfaces,  as  they  are 


Pig.  22. 

termed,  given  to  them.  The  well-known  engineer  Tredgold  was  the 
first,  many  years  ago,  to  show  the  value  of  deflecting  surfaces  in 
creating  and  assisting  currents  in  ventilating  tubes.  Let  us  suppose 
a  vertical  tube  or  shaft  up  which  a  current  of  air  represented  by  the 
arrow  a,  fi.g.  22,  is  issuing.  The  ascensional  or  rising  force  of  this 
will  be  dependent  per  ae  upon  the  diiFerence  there  is  between  the 
temperature  of  the  air  within  the  tube  and  that  of  the  external 
atmosphere.  The  higher  this  is  in  the  current,  the  quicker  is  its 
ascent.  But  there  may  be  but  a  comparatively  trifling  dificrence 
between  the  temperatures  of  the  air  within  and  without  the  tube 
or  shaft ;  in  which  case  the  force  represented  by  the  velocity  of  the 
current  within  the  tube  may  le  very  trifling — not  sufficient  to  with- 
draw its  contents  and  deliver  them  to  the  external  atmosphei'e  at 
the  upper  part  ot  the  tube,  as  at  h,  quickly  enough  for  the  purpose 
req,uired.     Any  external  current,  as  a  bree?*  of  wind  blowing  across 
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the  mouth,  as  in  the  directiou  of  the  arrow  c,  by  virtue  of  another 
law — that  of  friction  or  induction — "draws,"  to  use  the  popular 
expression,  a  current  of  air  along  with  it.  So  that  the  action  of  the 
horizontal  current,  as  c,  blowing  across  the  mouth  b  of  that  shaft  a, 
tends  to  draw,  or,  as  popularly  termed,  "  suck  "  the  air  out  of  the 
tube  a,  and  thus  tends  to  increase  the  velocity  of  the  upward  current 
in  the  shaft.  But  the  wind  or  breeze,  as  it  passes  over  the  mouth 
b  of  the  shaft,  may  be  deflected,  as  at  dy  and  blow  down  the  shaft, 
and  the  force  of  the  wind  outside  may  be  greater  than  the  ascensional 
or  upward  current  inside  the  tube ;  so  that  its  withdrawing  or  venti- 
lating action  will  be  reversed.  By  making  the  top  with  bevelled 
edges,  as  at  e  e,  the  air  is  not  blown  down  the  shaft,  as  at  d,  but  is 
deflected  or  bent  upwards,  as  at/,  and  passing  along  by  g  across  the 
open  mouth,  draws  the  air  in  it  along,  and  thus  aids  the  upward 
current  in  A,  which  may  be  naturally  due  to  it.  And  if  i  represents 
the  air  entering  the  shaft  at  its  lower  part,  it  draws  along  with  it 
currents,  as  j,  j,  fx'om  all  sides.  Tredgold's  ventilating  cap  is  illus- 
trated in  diagram  a  b,  fig.  23,  c  c  being  the  deflecting  edge,  d  d  that 
of  the  upper  part  of  cap,  and  which,  in  the  form  given  balow  at  c  c, 
is  of  the  same  diameter  as  at  the  lower  part  of  the  shaft  at  a.  A 
cap  or  cover,  e,  is  supported  by  vertical  rods  at  some  distance  above 
the  mouth  d,  to  prevent  rain  and  snow  descending  the  shaft  a.  The 
best  form  for  this  cap  is  cylindrical,  giving  a  circular  edge  all  round 
to  the  deflecting  part  d.  When  the  cap  is  of  considerable  height, 
and  is  made  square,  the  sides  are  provided  with  deflecting  plates,  as 
at  k  hy  fig.  21.  A  most  efficient  cap  with  deflecting  surfaces,  as  shown 
in  horizontal  section  9i,i  f  g  g,  fig.  23  :  /  is  the  orifice  of  shaft,  the 
air  ascending  which  passes  out  at  the  side  opening  at  g  g,  and  in 
calm  weather  rises  vertically  and  escapes  at  the  top  of  the  cap ;  but 
in  windy  and  breezy  weather,  the  air  blowing  as  from  k  (arrow  to 
the  right)  is  deflected  right  and  left  by  the  angular  shield  at  g  g,  and 
is  blown  through  and  out  at  the  opposite  side.  Angular  shields,  k 
and^,  cover  the  opening  ^  ^  at  the  side,  so  that  they  are  protected 
from  winds  blowing  as  from  ^.  In  badly  constructed  shafts  or 
chimneys  the  higher  the  wind  blows  the  greater  is  the  likelihood  of 
down  currents  being  created  in  the  shaft,  as  at  d,  fig.  21 ;  but  in 
the  case  of  a  shaft  the  upper  connection  of  which  is  provided  with 
deflecting  shields,  as  say  Sit  g  g,  h  j,  fig.  23,  the  fiercer  the  wind 
blows  the  more  quickly  is  it  deflected  from  the  shields,  and  passing 
the  surfaces,  the  more  rapidly  is  the  p,ir  withdrawn  from  the  shaft — 
in  other  words,  its  ventilating  power  is  increased.  If  the  young 
reader  made  and  fitted  up  a  small  model  of  such  a  cap,  as  at/^  g,  or 
as  at  a  6,  ^g.  23,  he  would  learn  some  useful  lessons  on  the  value  of 
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deflecting  surfaces.  Every  one  knows  how  the  upper  part  of  chimney 
stalks  of  factories  are  rendered  still  more  unsightly  than  from  lack 
of  architectural  effects  they  almost  always  are ;  and  this  extra  ugli- 
ness arises  from  the  smoke  blackened  brickwork.  In  windy  weather 
the  smoke  is  beaten  down,  and  may  be  seen  clinging,  so  to  say,  to 
the  chimney  for  a  considerable  distance  down  the  shaft.  This  is 
almost  certain  to  be  the  case  if  the  chimney  top  be  finished  so  that 
its  upper  surface  is  flat,  as  at  t  in  fig.  23 ;  but  by  making  the  top 
with  bevelled  or  sloping  sides  or  edges,  as  at  u  w,  the  wind  is  deflected 
upwards  and  blown  across  and  away  from  the  chimney  stalk.  If 
this  be  carefully  done,  not  only  is  the  smoke  prevented  from  being 
blown  down  and  defacing  the  chimney  stalk  near  the  top,  but  the 
"draught"  of  the  chimney  stalk  is  greatly  increased.  Mr.  Carmichael, 
in  a  very  able  paper  on  the  "Construction  of  Factory  Chimneys,*' 


Fig.  23. 

read  before  the  Society  of  Engineers  of  Scotland,  amongst  many 
points  of  great  importance,  pointed  out  the  necessity  of  engineers 
paying  more  attention  to  the  finishing  of  their  caps  or  tops  than 
was  generally  paid.  This  part,  indeed,  may  be  said  to  be  generally 
neglected,  as  a  matter  of  no  moment.  Mr.  Carmichael  has,  however, 
pointed  out  the  fallacy  of  this,  and  showed  how  a  great  deal  of  the 
efficiency  and  importance  of  a  factory  or  large  chimney  stalk  depends 
upon  the  finishing  of  the  top.  Thus,  by  finishing  the  top  by  an 
arrangement  shown  in  elevation  at  v  and  w,  plan  at  x  x  in  fig.  23, 
several  advantages  were  obtained  and  defects  cured.  The  deflecting 
plates,  as  w,  of  brickwork  are  arranged  in  cross  fashion  or  diagonally, 
as  shown  at  plan  in  x  a;,  meeting  in  centre  and  leaving  opening  for 
the  smoke. 
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Becoil — Blows — Striking. 

We  give  these  illustrations  to  show  that  the  student  by  a  little 
thought  to  his  study  can,  by  very  simple  means  and  cheaply  devised 
and  constructed  appliances,  illustrate  various  physical  laws  in  so 
forcible  a  manner  that  they  will  be  impressed  upon  his  mind  with 
the  force  of  concrete  facts  rather  than,  as  in  the  case  of  a  mere  read- 
ing of  them,  by  their  abstract  ideas.  The  laws  explained  in  these 
paragraphs  the  student  will  find  exemplified  in  many  of  his  operations 
in  the  workshop,  if  he  will  but  devote  some  thought  to  what  he  is 
engaged  in.  In  striking  or  driving  up  bodies  he  may,  if  not  careful 
in  deciding  the  directions  of  the  blows,  have  a  painful  example  of 
the  law  that  the  angle  of  incidence  is  equal  to  the  angle  of  reflection, 
by  sustaining  a  shock  or  a  blow  upon  which  he  did  not  reckon.  And 
he  may  have  driving  up  to  do  in  such  positions  that  he  must  perforce 
illustrate  this  law,  if  the  work  is  to  be  done  in  the  best  and  safest 
way.  The  action  of  the  law  is  in  fact  illusti^ated  or  enforced  by  the 
common  saying  " a  weU-directed  blow"  How  this  is  so  the  student 
will  see  by  thinking  over  it. 

Viewing  the  efiect  of  a  recoil  in  striking  and  struck  bodies — im- 
pacting and  impacted — due  to  the  law  of  repulsion  as  caused  by  the 
action  of  springs  between  the  bodies,  which  are  first  compressed  or 
changed  from  or  expanded  into  the  original  form  and  positions,  we 
have  some  very  curious  and  to  many  unexpected  results  to  which 
the  name  of  mechanical  may  be  given.  We  have  seen  that  in  the 
recoil  of  a  body  from  the  surface  of  another  body,  and  both  of  them 
elastic,  in  which  the  direction  of  the  force  is  in  a  straight  line  at 
right  angles  or  nearly  so  to  the  struck  or  impacted  surface,  or  in 
the  same  direction,  theoretically  the  force  of  the  recoil  is  equal  to 
that  of  the  projecting  force  with  which  the  body  was  driven  up 
against  the  surface,  when  the  bodies  are  equal  in  mass.  But  we 
have  some  curious  and  what  appear  to  be  paradoxical  effects  produced 
by  the  recoil  of  bodies  between  the  size,  mass  or  weight  of  which 
there  is  a  decided  difterence — that  is,  when  a  small  body  strikes  a 
large  body.  Beginners  in  mechanical  work  who  are  not  careful  may 
find,  for  example,  that  the  blow  unexpectedly  received  from  the  recoil 
or  rebound  of  a  small  hammer  from  the  face  of  an  anvil  which  is 
struck  by  it  seems  to  them  to  be  the  measure  of  a  much  more  power- 
ful blow,  or  to  be  a  "  stronger,"  than  what  appears  to  be  reasonably 
or  precisely  due  to  what  they  felt  to  be  the  strength  of  the  original 
blow.  And  it  is  so  in  reality,  for  the  force  of  the  blow  given  is 
greater  than  that  of  the  blow  which  caused  it.  So  decided  is  this 
action  in  some  cases,  and  so  curiously  exemplified,  that  not  a  few  who 
indulge  in  the  dreams  like  tbo§e  of  seekers  after  a  perpetual  motion, 
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or  in  other  words,  the  making  of  a  power  which  will  at  once  create 
and  maintain  its  own  force,  draw  from  them  as  conclusion  that  this 
wonderful  power  is  within  the  reach  of  the  mechanic.  For  here 
apparently,  in  the  case  above  quoted,  there  is  a  force — the  extra 
strength  or  force  of  the  recoil — which  is  created,  for  it  did  not  exist 
in  the  original  blow.  But  the  curious  and  to  the  popular  mind 
unexpected  effect  is  easily  accounted  for  in  the  case  of  small  bodies 
striking  or  impacting  against  large  bodies:  thus,  a  ball  striking 
against  a  much  larger  ball,  and  recoiling  from  it,  gives  to  the  larger 
ball  a  blow  or  momentum  greater  than  that  which  it  possesses  itself, 
and  this  equal  to  the  force  with  which  it  (the  small  ball)  rebounds ; 
for,  still  keeping  in  view  the  motion  of  a  spring  between  the  two 
bodies,  this  spring  acts  equally  in  both  directions. 

Practical  Points  Enumerated. — ^The  Principle  of  Action  and  Beaction. 

The  points  involved  in  the  principle  of  "action  and  reaction," 
explained  in  the  preceding  paragraphs,  must  be  carefully  considered 
by  the  mechanic  in  designing  machines.  Those  have  to  be  considered 
from  two  points  of  view  :  first  as  combinations  of  parts  which  under 
statical  pressures  are  considered  to  be  at  rest,  so  that  there  should  be 
what  practically  results  as  a  balancing  of  parts,  in  which  the  weight 
and  the  breaking  strain  or  pressure  which  it  exerts  in  one  direction 
IB  counterpoised,  so  to  say,  by  a  weight  exerting  an  equal  pressure  Or 
strain  in  another  direction.  But  it  is  when  the  machine  is  con- 
sidered from  the  other  point  of  view — as  a  combination  of  parts  in 
motion — that  the  importance  of  attending  to  the  principle  of  action 
and  reaction  is  seen.  The  arrangement  of  the  parts  of  a  machine 
which  normally  are  at  rest  comes  under  the  head  of  what  may  be 
called  a  "  statical "  or  standing  balance  of  the  weights  and  pressures 
or  strains  of  parts.  The  arrangement  of  the  parts  which  are  in 
motion  come  under  the  head  of  what  may  be  called  a  "  dynamical " 
balance,  or  balance  of  moving  or  removing  parts.  It  is,  however,  to 
be  noted  that  the  two  balances  are  involved  in  the  consideration  of 
the  design  of  the  moving  parts  of  machines.  Thus,  a  shaft  which 
has  a  motion  of  revolution,  the  balancing  of  the  reactions  of  which  is 
in  its  relation  to  other  moving  parts,  comes  under  the  head  of  a 
dynamical  or  a  running  balance;  but  as  a  single  element  in  the 
machine  it  has  to  be  considered  in  the  relation  which  it  bears  to  the 
resultant  of  the  weight  or  pressures  under  the  influence  of  which  it 
acts  or  is  loaded,  as  well  as  of  other  weights  or  pressures  acting  upon 
it.  In  this  case  a  statical  or  standing  balance  is  effected  by  taking 
care  that  the  resultant  of  the  weight  or  weights  should  pass  through 
the  axis  of  the  shaft.     For  example,  this  is  effected,  in  the  case  of 
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the  main  shaft  of  a  steam  engine,  by  adding  counterpoise  or  balance 
weights  in  such  a  way  that  the  pressure  or  weight  strain  thrown 
upon  the  shaft  by  the  crank  or  cranks  and  the  eccentric  or  eccentrics 
is  counterbalanced.  In  such  a  case,  half  of  the  weight  of  the  con- 
necting rod  has  to  be  taken  as  a  load  or  strain  acting  on  the  crank 
pin  to  which  it  is  jointed.  In  beam  engines  the  weight  of  the  beam 
— or  beams,  as  in  side  lever  marine  engines — of  the  piston,  piston 
rod,  parallel  motion,  etc.,  should  all  be  so  arranged  that  they  may  be 
balanced  at,  or  that  the  resultant  of  all  their  pressures,  loads  or 
strains  should  pass  through  the  axis  of  the  main  shafjb  or  centre. 
But  the  points  involved  in  the  principle  of  action  and  reaction  are 
most  strikingly  exemplified  in  relation  to  the  moving  parts  of  a 
machine.  In  those,  especially  where  they  "  run  "  at  a  great  speed, 
it  is  obvious  that  any  parts  improperly  or  carelessly  balanced  will 
give  rise  to  undue  strains,  shocks  and  jars,  which  will  prove  very 
prejudicial  to  the  life  of  the  machine.  AH  motions  in  machines  are 
resolvable  into  motion  in  two  directions  only,  one  of  which  is  motion 
in  rectilineal  lines,  or  reciprocating,  oscillating  or  vibrating  parts, 
and  the  other  motion  in  a  circular  direction  or  motion  of  revolution 
round  a  centre.  Grenerally  the  reactions  of  reciprocatory  parts,  such 
as  those  of  beam  and  side  lever  engines,  are  balanced  by  the  same 
provisions  which  are  made  to  insure  what  we  have  seen  to  be  the 
standing  balance  of  moving  parts.  Much  depends  upon  the  character 
of  the  motion  of  the  machine:  thus  in  direct-action  steam  engines 
the  reactions  of  the  piston  and  its  connected  parts  cannot  be  accu- 
rately balanced  without  inducing  unbalanced  centrifugal  forces.  This 
will  be  evident  by  considering  the  main  shaft,  through  the  axis  of 
which  the  resultant  pressure  of  the  parts  passes,  as  balanced  by 
counterpoises  fixed  at  the  side  of  the  shaft  opposite  to  the  cranks,  so 
as  to  balance  the  weight  of  the  parts  concentrated  at  the  crank  pins ; 
for  the  centrifugal  force  of  those  counterpoises  balances  the  reactions 
only  when  the  force  acts  in  the  direction  of  the  stroke  of  the  engine, 
but  not  when  it  acts  transversely  to  this,  in  which  case  a  centrifugal 
force  guaranteed  by  the  counterpoises  is  itself  unbalanced.  In  the 
case  of  parts  in  motion  having  a  motion  of  revolution,  or  turning 
round  a  given  centre  or  shaft,  what  we  have  called  the  statical  balance 
of  parts  must  be  secured  by  having  the  weight  of  the  revolving  part 
equally  disposed  on  all  sides  of  the  centre  or  axis,  so  that  the  weights 
or  strains  communicated  to  that  axis  shall  always  be  equal  and  oppo- 
site. Thus,  if  we  have  a  weight  acting  one  side  of  the  axis,  we  then 
make  a  balance  of  the  parts,  and  thus  have  the  centrifugal  forces 
generated  by  the  two  weights  equal  and  opposite,  and  thus  have  a 
good  running  or  turning  balance.     In  connection  with  what  is  called 
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centrifugal  couples,  it  is  to  be  noticed  in  the  present  connection  that 
to  secure  a  coefficient  running  balance  of  parts  of  machines  having  a 
motion  of  revolution  round  a  central  shaft  or  axis,  the  counterpoises 
or  balanced  parts  or  weights  should  be  placed  on  a  shaft,  so  that 
centrifugal  couples  may  not  be  created ;  or  if  by  the  necessities  of 
combination  of  the  parts  of  the  machine  those  couples  are  created, 
then  they  should  be  so  arranged  as  to  balance  one  another. 

Motion  in  Straight  Lines. 
Much  as  has  been  said  on  the  subject  of  motion,  and  numerous  as 
have  been  the  practical  applications  of  the  phenomena  which  it 
exhibits,  we  have  by  no  means  exhausted  all  that  can  be  said  of  it. 
After  what  has  been  stated  as  to  the  phenomena  of  accelerated  and 
retarded  motion  arising  from  or  caused  by  the  two  great  and  the 
only  two  forces  existing  in  nature, — attraction  and  repulsion, — the 
youthful  mechanical  student  may  have,  at  first,  a  great  difficulty  to 
perceive  that  all  moving  bodies  have  a  tendency  to  keep  in  uniform 
or  equal  motion — that  is,  not  quick  at  one  time  and  slow  at  another. 
To  perceive  this  great  truth  clearly  will  require  a  little  "  thinking  of 
it  over,"  and  if  he  give  this  he  will  see  that  the  natural  tendency  of 
all  motion  is  to  be  in  this  uniform  or  equal  condition.  If  it  were  not 
so,  if  this  law  did  not  exist,  the  reader  will  perceive  that  there  could 
be  no  calculations  made  as  to  anything  connected  with  motion,  which 
could  be  relied  upon;  for,  if  a  body  in  motion  had  at  one  time  a 
slow  and  at  another  a  quick  velocity,  and  this  change  was  of  necessity, 
under  such  circumstances  it  would  be  quite  uncert;xin  as  to  the  times 
or  periods  when  the  change  would  develop  itself, — it  would  be,  so  far 
as  man  is  concerned,  an  unknown  quantity :  it  might  be  any  time, 
for  the  change  might  be  taking  place  from  quick  to  slow  motion  at 
the  very  time  he  was  calculating  upon  it  as  being  of  a  certain  velo- 
city. There  would,  indeed,  be  nothing  certain  in  any  of  the  natural 
phenomena,  no  matter  whether  concerned  with  the  sources  of  motion, 
or  with  the  planetary  bodies,  the  motion  of  which  gives  us  the  only 
idea  of  "time"  we  practically  have..  It  is  just  because  motion  is 
naturally  uniform  that  we  can  calculate  as  to  time,  and  therefrom 
calculate  as  to  all  motions. 

Uniformity  of  Motion. 
In  saying  that  motion  is  uniform,  or  naturally  uniform,  it  does  not 
in  the  slightest  contradict  what  has  in  the  preceding  paragraphs 
been  said  as  to  the  different  varieties  of  motion,  which  is,  as  we  have 
seen,  caused  or  brought  into  existence  by  what  we  call  a  "  force," — 
and  so  long  as  this  force  is  in  its  operation  left  to  act,  that  is,  is  not 
influenced  by  another  force,  the  motion  which  it  gives  to  the  body 
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remains  unchanged.  The  motion  thus  influenced,  motion  not  sub- 
jected to  any  second  force,  is  therefore  uniform.  Uniform  motion 
may,  however,  be  relative — that  is,  in  relation  to  or  in  comparison 
with  the  motion  of  some  other  body,  whatever  that  relation  is, 
always  uniform — that  is,  it  is  maintained  throughout.  But  this  only 
so  long  as  no  disturbing  cause  comes  into  existence ;  and,  if  it  does, 
we  then  find  that  all  changes  from  the  uniformity  are  proceeding  in 
proportion  to  the  extent  and  influence  of  the  disturbing  cause.  This 
is  but  another  way  of  saying  that  uniformity  of  motion  can  only  be 
done  away  with  by  introducing  the  action  of  some  force  other  than 
that  which  originally  caused  the  motion;  or  that  each  variety  of 
motion  has  a  certain  velocity,  which  will  be  infinitely  maintained,  but 
if  it  is  found  to  possess  at  a  certain  point  a  greater  velocity,  it  shows 
that  a  new  force  must  have  come  into  existence  or  been  brought  to 
bear  upon  the  body,  otherwise  the  change  in  velocity  could  not  have 
come  about.  And  the  converse,  when  the  original  velocity  is  made 
to  be  slower,  holds  equally  true.  This  following  well-known  law  we 
have  previously  explained,  shoAving  that  a  body  cannot  be  brought  to 
rest  which  is  in  motion  without  a  fresh  or  new  force  or  cause,  any 
more  than  a  body  at  rest  can  be  set  in  motion  without  a  force  or 
cause  of  some  kind.  Hence,  also,  it  follows  that  the  natural  tendency 
of  all  moving  bodies  is  to  move  equally. 

Changisg  tlie  Direction  of  Motion. 

From  what  is  said  above,  it  follows  that  the  natural  tendency  of 
bodies  in  motion  is  to  move  in  straight  lines.  This  must  be  so,  for 
as  new  forces  must  be  brought  into  play  to  produce  new  velocities, 
and  changes  in  the  natural  uniformity,  so  new  forces  must  be  brought 
into  action  in  order  to  change  the  direction  of  a  moving  body,  which 
original  direction  must  be  straight,  or  in  a  right  line — that  is,  in  a 
direction  the  same  as  the  acting  force,  for  all  single  forces  act  in 
straight  lines.  The  clearest  conception  we  have  of  a  straight  line  is 
the  course  taken  by  a  stone  falling  from  a  height,  or  from  the  top  of, 
and  clear  by  some  distance  from,  the  body  or  masonry  of  a  tower. 
Or,  if  the  motion  be  reversed,  and  we  project  the  stone  upwards  by 
some  force  which  acts  in  a  direction  precisely  at  right  angles  to  the 
surface  of  the  earth,  we  have  a  clear  conceptionof  what  a  stmight 
line  is.  We  see  this  straight  line  more  obviously  and  easily  in  the 
case  of  a  jet  of  water  thrown  from  a  vertically-placed  tube.  But  an 
infinite  variety  of  phenomena  in  nature  exists  around  us  to  show  that 
all  motion  is  naturally  straight  when  left  free  from  all  disturbing 
influences  or  forces.  A  ball  projected  from  a  cannon  does  not  go 
straight  and  in  the  course  which  it  originally  had,  simply  because 
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the  force  of  gravitation  or  the  attraction  of  the  earth  bends  or  deflects 
it  from  that  straight  course.  But  the  student  must  be  careful  to 
note  that  this  curved  or  bent  line  which  the  ball  takes  as  it 
approaches  the  earth  does  not  aflect  the  truth  of  the  statement  that 
the  motion  is  naturally  in  or  has  an  invariable  tendency  to  go  in  a 
straight  line.  For,  while  this  bend  or  curve  towards  the  surface  of 
the  earth  is  caused  by  a  force  other  than  that  of  the  projecting 
force,  which  is  the  repulsive  force  of  the  explosion  of  the  gunpowder 
— namely,  the  force  of  gravitation — the  direction  of  motion  of  the 
ball,  or,  to  use  the  technical  term,  the  flight  or  path  of  the  projectile, 
is  otherwise  absolutely  and  perfectly  straight  (as  from  point  a  to  b, 
flg.  24),  in  the  sense  that  it  does  not  deviate  either  to  the  right 
hand  or  to  the  left,  as  from  a  to  c  or  to  d.  On  this  tendency  of  all 
bodies  to  move  in  straight  lines  depends  the  whole  practice  of  what 
may  be  called  the  mechanics  or  science  of  projectiles — that  is,  using 
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Fig.  24. 

the  better  term  to  denote  all  classes  of  ''  ordnance,''  military  artillery 
or  ordinary  firearms.  If  this  principle  or  law  or  tendency  did  not 
exist,  no  rifleman  or  artilleryman  could  ever  calculate  on  hitting  the 
mark  h^  aimed  at.  If  the  aim  be  absolutely  true,  he  knows  that, 
making  certain  allowances  for  winds  or  breezes,  the  ball  will  hit  or 
strike  the  point  aimed  at,  or  to  use  the  popular  phrase,  which  in 
this  instance  at  least  is  also  scientifically  correct,  the  ball  "  will  go 
straight  to  the  mark."  But  the  youthful  reader  may  yet  fail  to  see 
how  the  force  of  gravitation,  as  in  the  instance  of  the  ball  a  or  pro- 
jectile (^'g,  25),  which  bends  away  from  its  straight  course  in  the 
line  of  its  parallelism  to  the  surface  of  the  earth,  as  in  the  line  h  c,  is 
to  be  overcome,  for  this  force  is  always  acting  on  bodies  moving  or 
free  in  the  air ;  a  d\&  this  parallelism.  Supposing  the  height  of  the 
''  bull's-eye,"  dy  of  the  target  to  be  at  the  same  height  from  the  ground 
as  the  height  h  a,  the  eye  of  the  rifleman,  or  the  line  of  centre  of  the 
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cannon  or  ''  gun,"  all  that  is  necessary  is  to  have  such  a  force  of  pro- 
jection— ^that  is,  such  a  charge  of  gunpowder — that  the  ball  will  at 
least  be  projected  as  far  as  the  point  d  before  the  force  of  gravitation 
begins  to  act.  Practically  a  much  larger  allowance  than  this  is  given, 
or  a  wider  margin  of  projectile  force  to  the  ball.  In  other  words, 
and  in  more  accurate  terms,  the  explosive  force  of  the  gunpowder 
must  be  such  that  the  weight  of  the  ball  will  be  prevented  from 
acting  so  as  to  cause  it  to  drop  or  have  a  tendency  to  drop,  until  at 
least  the  point  d  be  reached.  It  may  go  in  the  same  line  as  to  the 
point  e,  after  which  the  projecting  force  gradually  weakening,  the 
ball  reaches  the  ground  say  at  the  point/,  it  taking  a  curved  course, 
as  already  explained.  The  youthful  reader  must  note  that  the 
parallelism  of  the  line  of  path  of  projection  a  /to  the  earth's  surface 
6  c  is  not  absolutely  necessary  to  be  mentioned,  and  is  in  practice 
being  perpetually  altered:  for  awhile  the  height  of  the  target  or 
bull's-eye  c?,  as  in  rifle  practice,  remains  the  same ;  the  height  of  the 
eye  of  the  rifleman  at  a  is  ever  varying.  So  that  while  one,  a  tall 
rifleman,  has  to  shoot  down  to  the  t&rget,  another,  a  short  man,  has 
to  shoot  up  to  it, — as  in  field  sports  a  man  in  killing  a  rabbit  or  a 
hare  shoots  in  the  line  a  g^  and  in  shooting  a  pheasant  or  a  grouse 
in  its  flight  he  has  to  siioot  up  as  in  the  line  a  h.  But  in  all  the 
cases  the  force  of  projection  given  to  the  ball  must  be  such  that  it 
will  carry  out  at  least  as  far  as  the  point  e,  g,  or  A,  before  the  weight 
of  the  ball  begins  to  act,  causing  it  to  drop,  or  before,  in  other  words, 
the  force  of  the  attraction  of  gravitation  comes  into  play.  So  far  as 
the  principle  is  here  concerned,  while  it  is  true  that  the  tendency 
of  the  motion  of  the  ball  is  in  the  absolutely  straight  line,  as  a  c 
ov  a  d  (fig.  26),  it  is,  however,  to  be  noted  by  the  youthful 
reader  who  is  well  acquainted  with  the  fact  that  there  is  "  bad 
shooting  "  and  '*  good  shooting,"  that  there  may  be — in  practice  to  a 
large  extent  there  are — influences  at  work  modifying  what  is  called 
the  '*  accuracy  of  the  aim,''  which  means  the  correctness  of  the 
results.  We  do  not  here  refer  to  what  is  known  as  a  "  good  eye  "  as 
a  powerful  element  in  securing  the  success  of  a  marksman  :  we  refer 
to  modifying  causes  which  are  mechanical.  Every  player  at  ^*  bowls  " 
knows  what  is  meant  by  the  "bias  of  the  ball,"  which  gives  it  a 
tendency,  even  under  skilful  playing,  to  deviate  from  the  straight 
line  in  which  it  is  first  projected  from  the  hand  of  the  bowler  to  a 
curved  line  such  as  that  which  the  skill  of  the  player  shows  to  be 
necessary  in  order  to  place  his  ball  in.  Now,  this  deviation  has  its 
origin  in  two  directions:  first  in  the  "bias"  or  shape  of  the  ball, 
which  is  a  certain  deviation  from  the  absolutely  correct  spheroid 
form ;  and  secondly  from  the  controlling  force,  so  to  call  it,  of  the 
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friction  between  the  surface  of  his  ball  and  the  grass  of  the  bowling 
green.  How  this  modifying  the  straight  or  natural  line  of  motion 
of  the  ball  comes  about,  we  shall  see  in  a  succeeding  paragraph,  in 
taking  up  curved  lines  of  motion.  But  modifying  influences  in  the 
practice  of  projectiles  of  mechanical  character  naturally  alter  its 
results.  And  just  as  we  find  that  an  arrow  when  shot  or  projected 
from  a  cross-bow  with  neither  barb  nor  head  will  have  a  very 
unsteady,  or  as  it  is  termed  a  wabbling  course  through  the  air,  but 
by  giving  it  the  heavy  barb  at  the  one  end  or  point,  and  the  double 
feather  head,  we  make  it  fly  steadily  and  straight  through  the  air, 
— so  we  find  that  by  modifying  the  ball  and  its  motion  through  the 
air  we  give  it  a  straightness  or  directness  of  motion  not  otherwise 
attainable.  This  constitutes  the  art  or  science  of  "rifling"  of 
ordnance.  A  cannon-ball  not  absolutely  or  truly  a  spheroid  has  a 
'•'  bias "  or  tendency  to  deviate  from  the  straight  as  much  as  the 
irregular  sphere  or  ball  of  the  bowler, — this  acting  in  relation  to 
the  air  just  as  the  ball  acts  in  relation  to  the  grass- covered  surface. 
By  modifying  the  surface  of  the  ball,  giving  it  as  it  were  a  further 
recoil  of  the  arrow  by  projecting  surfaces,  and  by  modifying  its 
motion  so  that  while  it  has  a  progressive  motion  due  to  an  explosive 
or  repulsive  force  of  the  gunpowder,  it  has  also  a  motion  round  its 
own  axis  or  diameter  line,  we  overcome  the  tendency  modifying  the 
straight  line  of  its  course,  and  force  it,  so  to  say,  to  keep  to  this. 
And  this  rotation  of  the  ball  round  its  own  axis,  or  the  "  spinning  " 
of  the  ball  as  i^  is  termed,  is  caused  by  having  not  a  smooth  bore  or 
internal  periphery  to  the  cannon,  but  a  grooved  or  channelled  sur- 
face, this  forming  a  part  of  a  spiral  or  vertical  course.  Hence  also 
the  shape  of  the  ball  may  be  and  is  so  altered  that,  assuming  a  form 
quite  distinct  from  a  sphere,  it  is  no  longer  entitled  to  the  old  name 
of  ball,  but  assumes  the  modern  name  of  a  "  projectile." 

Illastration  Continued  of  Tendency  of  Bodies  to  Move  in  Straight  Lines 

under  the  Influenoe  of  a  Force. 

An  ignorance  or  overlooking  of  this,  the  natural  motion  or 
tendency  of  moving  bodies  to  go  in  a  straight  line,  has  given  rise  to 
grave  errors  in  mechanical  or  engineering  construction.  We  illus- 
trate a  few  points  in  connection  with   fig.  24. 

If  a  carriage,  a,  fig.  26,  be  drawn  up  rapidly  in  the  direction  of  the 
arrow,  and  through  forgetfulness  on  the  pai-t  of  the  driver  the  corner 
is  approached  too  nearly, — and  if  to  avoid  the  crash  the  horse  is 
suddenly  pulled  to  the  right,  to  go  in  the  direction  of  safety  by  arrow 
c, — the  tendency  of  the  carriage  a  to  go  in  a  straight  line  carries  it 
still  forward  in  direction  6,  while  the  horse  is  pulling  strongly  in  direc- 
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tion  Cy  and  the  result  of  the  mistake  in  driving  will  probably  be  that 
the  carriage  is  overturned.  This  principle  is  illustrated  in  the  laying 
out  of  watercourses,  and  in  the  junction  of  pipes  for  conveying  water, 
or  conducting  steam  or  air  at  pressure,  or 
the  flues  of  boiler  or  other  furnaces.  Thus, 
if  the  watercourse  be  made  with  a  sharp 
comer  at  d,  where  the  flow  of  the  water 
in  original  direction  at  arrow  e  is  changed 
suddenly  in  direction  /,  the  tendency  of  the 
,  water  to  flow  on  in  a  stitdght  line  carries  it 
to  the  comer  d ;  and  this,  if  soft  earth  or 
soil,  is  worn  rapidly  down,  or  if  it  be  hard 
and  rocky^  eddies  and  cross-currents  are 
created  in  the  flow  of  the  water  before  it 
can  get  steadily  into  the  new  direction  y*; 
and  all  eddies  or  cross-currents  thus  ci'eated 
tend  to  impede  the  regular  flow  of  the 
water ;  for  we  put  two  antagonistic  forces 
in  action — the  tendency  of  the  water  to  go 
in  the  direction  of  e  d,  and  the  tendency  of 
the  fall  or  flow  of  the  water  downwards  in 
the  direction  of  /d.  Th^  same  holds  true 
of  inclosed  channels  in  which  liquids  flow, 
as  water  or  drainage  matter;  and  with 
regard  to  this  last-named  art,  it  is  difl^cult 
to  say  what  was  the  extent  of  the  sanitary 
evils  produced,  or  that  of  the  hindrance 
created  to  rapid  progress  in  the  practical 
drainage  and  sewerage  of  our  streets  and 
houses  by  the  system  so  long  adhered  to — 
and  it  is  by  no  means  done  away  with  yet 
— of  making  the  junction  of  a  branch  sewer 
or  that  of  a  house  drain  to  a  main  sewer, 
as  a,  fig.  27,  at  right  angles  to  the  main 
sewer  b  b,'  the  direction  of  flow  of  liquid  in 
it  being  as  at  arrow  shown.  The  force  of 
the  flowing  liquid  along  it  sent  it  to  impinge 
against  the  side  of  sewer  opposite,  tending 
rapidly  to  wear  out  the  mortar  in  the  joints 
of  the  brickwork  at  that  point,  and,  what  was  worse,  stopping  or 
impeding  the  flow  of  the  sewage,  and  thus  causing  deposits  of  solid 
matter  at  or  near  the  point  of  junction,  which  deposits  tended  to — 
and  in  thousands  of  cases  actually  did — stop  up  the  sewer.     And  in 
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the  conducting  of  water  along  pipes,  not  a  few  mechanics  have  been 
placed  in  difficulties  by  giving  junctions,  and  also  by  changing  the 
directions  of  the  main  flow,  arranged  on  this  erroneous  system  of 
making  them  absolutely  antagonistic  to  each  other —  as  the  flow  of  the 
liquid  along  the  junction,  as  a,  strikes,  so  to  say,  that  flowing  down  h  b, 
so  as  to  throw  it  aside.  In  all  cases  where  liquids  are  conducted  along 
channels  or  tubes,  when  any  change  in  the  direction  of  the  flow  or  cur- 
rent is  to  be  made,  the  tendency  of  the  liquid  to  go  in  the  original  line 
of  its  flow  should  be  gradually  and  not  suddenly  overcome ;  and  this  is 
best  done  by  giving  a  curve  at  the  point  where  the  change  is  to  be  made, , 
as  at  c,  between  the  two  antagonistic  or  opposite  directions  of  d  and  e. 
And  the  larger  the  radius  of  this  curve  the  more  easy  will  the  change 
in  direction  of  flow  be  made ;  in  all  cases  there  will  be  a  lessened 
flow  or  rate  of  current  in  proportion  to  the  number  of  changes.  The 
fewer  the  better  of  these ;  but  in  many  cases  circumstances  compel 
numerous  ones :  all  the  greater  reason,  therefore,  to  be  careful  how 
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they  are  laid  out.  And  this  carefulness  is  all  the  more  necessary 
where  the  mechanic  has  to  deal  with  fluids  which  are  muddy,  carry- 
ing matters  in  deposit — frequently  the  case  in  industrial  work.  For 
every  disturbance  in  the  current  tending  to  stop  or  to  reverse  it,  or 
to  make  it  more  sluggish,  brings  about  deposits  of  the  solid  matters 
held  in  suspension.  And  these  deposits  become  in  time  causes  of 
further  changes  in  and  a  retardation  of  the  flow,  and  have  been 
found  in  scores  of  cases  so  difficult  to  be  dealt  with  that  large 
expenditure  has  been  incurred  by  having  to  take  down  or  up  and 
repair  the  channels.  While  attending  to  the  main  channel  or  tube, 
all  junctions  to  it  must  also  be  designed  on  the  correct  principle  we 
have  pointed  otlt.  The  worst  of  all  forms  we  have  illustrated  at 
abb;  a,  very  much  better  form  we  show  B.t/g g ;  and  the  best  of  all, 
that  which  is  now  the  practice  in  the  most  carefully  designed  works, 
at  ^  t  in  fig.  27.  The  mechanic  has  also  often  to  deal  with  the  con- 
ducting of  air,  either  cold  or  hot,  or  with  heated  gases  from  furnaces 
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in  tubes  or  channels  or  flues ;  and  the  law  we  have  now  under  notice 

affects  the  flow  of  gases  and   air  along 

channels  as  it  affects  that  of  liquids.     For 

although,  as  we  have  seen,  the   popular 

mind  has  a  difficulty  to  grasp  the  fact,  yet  j 

common  air,  for  example,  has  in  reality  ' 

the  attributes  of  a  solid  body,  and  can  j 

offer  resistance  to  bodies  moving  through 

it,  or  to  a  polid  body  it  comes  in  contact 

with  when  itself  in  motion.     In  the  flui 

for  example,  of  a  steam-engine  boiler  fiir- 

naee,  the  great  object  is  to  maintain  the   : 

draught    with    regularity,    and    this 

uniformly  as  possible.     All  changes  in  the  ^ 

direction  of  the  current  or  line  of  draught  ■« 

made  abruptly  aflect  its  flow ;  and  the  loss 

incurred  arises  not  so  much  from  the  mere  ^ 

retardation  of  the  speed,  ae  in  the  deposit 

of  soot  and   the  fine   particles  of   ashes  ; 

carried  along  with  the  heated  air,  which 

deposit  is  just  as  much  the  result  of  the 

disturbance  of  the  flow  of  the  current  a 

is  the   deposit    of    solid   matter  from   i 

muddy  liquid  carried  along  a  similar  chan-  . 

nel.     Thus,  in  the  case  of  a  "  return  "  o 

"  wheel "  flue,  as  at  j  A  /,  flg.  27,   the 

sudden  changes  in  the  direction  of  the 

current  or  flow  in  line  of  draught,  at  the 

corners  k  and  I,    will   give   rise   to  such  » 

eddies    and    retardation,    that    the    soot 

deposits  will  so  rapidly  increase  that  it 

may  only  be  by  repeated  and  therefore 

costly  clearings-out  of  the  flues  that  the 

draught  of  the  furnace  can  be  maintained 

with  the  desired  efficiency.     All  this  may 

be  avoided  by  giving  the  flue  a  continuity 

of    direction    as    nearly    approaching    a 

straight  line    as    possible,   and    this   by  ' 

curving  off  the  comers  as  at  n  o,  or  better  . 

still  by  making,  if  the  plan  will  admit  of  ' 

it,  the  sweep  or  complete  curve  as  at  p. 

This  straight-line  motion  is  that  whieh  is 

aimed  at  in  all  flued  boiler  design  ;  but  in  many  of  the  forms  which 
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have  been  patented — some  of  which  have  presented  most  curious  com- 
plications in  the  forms  or  shape  of  the  internal  flues  or  tube-flues — 
what  saving  has  been  expected  by  utilising  the  hedt  of  the  gases  pass- 
ing from  the  Are  grate  to  the  chimney  flue  has  been  lost  by  the  errors 
made  in  the  design,  not  so  much  in  overestimating  the  economical 
effect  of  internal  flues — which,  however,  is  frequently  done — but  by 
the  shape  or  form  and  the  position  given  to  these,  in  forgetf ulness  or 
ignorance  of  the  law  now  under  notice.  .Some  may  fancy  that  mis- 
takes so  glaring  as  that  exemplified  in  flg.  27,  at  J  k  I,  could  not  be 
perpetrated ;  but  we  have  had  to  deal  with  cases  as  bad,  if  not  worse, 
if  worse  could  be.  And  we  have  seen  that  in  the  case  of  drainage 
mechanics  as  glaring  a  mistake  has  been  made  by  hundreds  of  arti- 
fleers,  and  that  through  a  long  course  of  years.  Under  this  head  all 
these  illustrations  have  been  presented  to  the  youthful  student  in 
mechanics,  not  altogether  in  view  of  the  important  special  lessons  of 
a  practical  kind  they  are  calculated  to  convey;  but  also  with  the 
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object,  in  one  sense  not  much  less  important,  of  leading  him  into  that 
habit  of  careful  thought  which  enables  him  not  merely  to  understand 
as  far  as  may  be  the  peculiarities  of  a  natural  law,  but  to  think  of 
subjects  from  all  points  of  view,  or  "  all  round,"  to  use  the  graphic 
expression  more  than  once  employed  in  these  pages — ^in  that  close 
and  direct  way  which,  perhaps  more  than  any  other  faculty  possessed 
by  the  mechanic,  secures  to  him  that  success  in  his  work  which  we 
suppose  him  to  be  ever  striving  to  obtain. 

Xotion  in  Curved  Linei.— Centrifugal  Foree.—Cironlar  Motion,  or  Xotion 

round  an  Axis  or  Centre. 

We  have  seen  by  preceding  paragraphs  that  the  natural  tendency 
of  all  moving  bodies  is  to  go  on  in  straight  lines,  as  the  natural 
tendency  of  motion  is  to  be  uniform — that  is,  to  pass  through  equal 
spaces  in  equal  times.  But  just  as  this  uniformity  in  motion,  if 
changed,  must  be  changed  by  some  force  other  than  the  original  force 
which  set  the  body  in  motion,  so  the  natural  straightness  or  direct- 
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ness  of  that  motion,  if  changed — that  is,  bent  or  deflected — must  be 
the  result  of  some  other  force.  Motion  in  curved  lines  produced  by 
a  given  force  may  be  said  to  be  of  two  kinds.  First,  that  in  which 
continuity  in  the  sense  of  length  is  its  characteristic — as  extending, 
say,  from  point  a  to  h — which  line  is  called  the  path  of  motion  (see 
fig.  28).  Second,  that  in  which  the  direction  of  the  curve  is  changed 
more  or  less  frequently — as,  for  example,  the  motion  may  go  from 
c  to  c?,  then  from  e  to  f,  then  by  the  force  be  changed  so  as  to  go 
from  ^  to  A,  then  from  j  to  i.  Here  the  paths  of  movement  of  the 
body  are  such  that,  beginning  at  point  c,  it  goes — or  rather  is  com- 
pelled by  a  superior  force  to  go — round  by  e/ A,  till  it  finally  returns 
to  the  same  point  c  from  which  it  started.  When  a  point  or  a  body 
moves  thus  in  a  line  which  "  returns  into  itself,"  to  use  the  ordinary 
phrase,  the  path  of  the  motion  is  a  "circle."  If  any  point  and  all  the 
points  of  it  are  equidistant  from  a  given  point,  as  k,  this  point  h  is 
called  the  "centre";  and  in  relation  to  solid  bodies  with  curved 
surfaces,  such  as  cylinders,  cones,  and  spheres,  the  point  k  is  called  the 


Fig.  29. 

"  axis."  If  the  body  or  point  move,  or  is  compelled  to  move  in  a 
series  of  curved  lines  which,  taken  as  a  whole,  "  returns  into  itself  " 
in  a  continuous  figure  or  outline  other  than  that  of  a  circle,  that 
figure  is  the  "  ellipse  " — popularly  called  the  oval ;  the  body  or  point 
revolving,  so  to  say,  round  two  points  (a,  h,  ^g,  29)  called  the  "  foci." 
The  elliptical  path  of  motion  is  that  of  the  movements  of  the  celestial 
bodies ;  the  circular  path  is  that  with  which  we  are  most  familiar, 
being  that  of  by  far  the  greatest  number  of  bodies  which  move  in 
curved  paths  or  lines, — it  may,  indeed,  be  said  to  be  the  only  curved 
movement  we  use  or  see  examples  of  around  us. 

We  have  elsewhere  alluded  to  the  fact  that  a  circle  is  in  fact  a 
polygon  made  up  of  an  infinite  series  of  straight  lines,  the  direction 
of  which,  as  in  the  lines  of  all  polygonal  figures,  is  continually 
changing.  This  explains  or  illustrates  the  relation  of  the  curved 
line,  as  c  d ,  fig.  28,  which  a  body  is  compelled  to  take,  to  the  straight 
line,  as  71  o,  which  path,  as  we  have  seen  in  preceding  paragraph,  is 
the  one  in  which  a  body  acted  upon  by  a  force  at  the  point  n  has  a 
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tendency  to  go,  and  is,  in  fact,  the  natural  path  of  motion,  which  ia 
not  acted  upon  by  any  force  or  forces  disturbing  the  primary  force. 
The  arrow  q  represents  the  straight  line  in  which  it  is  the  tendency 
of  the  body  acted  upon  by  a  force,  as  at  feathered  end,  to  move, — 
and  so  on  with  the  other  lines.  The  student  will  perceive  readily 
enough  that  at  each  change  of  direction  in  the  sides  of  the  polygon 
which  we  have  seen  a  circle  to  be,  a  force  must  act  at  each  corner,  so 
to  say,  with  power  sufficient  to  "drag  round"  the  body  moving 
along  from  n  to  o,  fig.  28,  so  that  it  will  take  the  direction  of  line  p. 
And  the  student,  remembering  that  the  polygon  or  circle  is  made  up 
of  an  infinite  number  of  sides  will  see  that  this  "  dragging  round  "  is 
going  on  at  an  infinite  series  of  points — practically  speaking,  at  every 
point  in  the  cui'ved  line.  This  dragging  force  may  "be  given  in  a 
variety  of  ways ;  but  the  most  familiar  example  we  have  of  a  force 
producing  a  circular  movement  the  path  of  which  is  constantly 
"returning  into  itself,"  round  and  equidistant  from  a  given  point,  is 
the  swinging  of  a  heavy  body,  as  a  stone  "suspended,  say  in  a  sling  by 
a  cord  or  band  held  in  the  hand.  We  need  not  at  present  enter  into 
any  consideration  of  intricate  points  connected  with  the  "moving 
force."  Every  schoolboy  is  familiar  with  the  fact  that  by  his  bodily 
exertion,  or  rather  by  the  muscular  force  of  his  arm,  he  can  keep 
the  stone  in  a  sling  in  rapid  movement  round  his  hand.  And  the 
path  of  this  movement  he  can,  so  to  say,  adjust  in  such  a  way  that  it 
will  assume  different  positions  in  relation  to  his  body.  He  may  give 
it  a  horizontal  path  round  and  above  his  head,  which  path  will  be  at 
right  angles  to  his  body  or  parallel  with  the  ground;  the  path  he 
gives  it  may  be  parallel  to  the  length  of  his  erect  body,  or  at  right 
angles  to  the  ground  ;  or  he  may  so  swing  it  that  it  may  be  oblique 
to  his  body  or  the  surface  of  the  ground  he  stands  upon.  The  school- 
boy may  and  often  does  all  this,  but  he  does  it  intuitively  and  without 
thinking ;  but  if  the  young  mechanical  student  will  not  disdain  to 
use  and  to  experiment  with  so  familiar  and  simple  a  "  philosophical 
instrument "  as  a  boy's  sling  is,  he  will,  by  patiently  thinking  out 
what  his  different  twirls  are,  receive  some  lessons  as  to  "circular 
motions,"  the  value  of  which  in  his  after  duties  in  workshop  practice 
he  will  then  fully  acknowledge.  In  patiently  analysing  as  best  he 
can — and  facility  of  analyses  of  these  kinds  will  come  to  him  with 
continued  practice — these  movements,  he  will  in  one  of  them  be 
almost  bodily  sensitive  to  the  fact  that  he  is  £U5tually  dragging  round 
the  sling  at  each  change  in  the  direction  of  its  motion — as,  say,  at 
the  curve  c  d,  fig.  28.  He  feels  that  this  dragging  force  which  is 
exerted  by  his  hand,  wrist  and  arm,  is  absolutely  necessary  to  coun- 
teract some  influence  which  he  may  be  said  to  know  intuitively  tends, 
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and  that  more  or  less  but  always  powerfully,  to  take  the  stone  in  the 
sling  (mt  of  the  curved  or  circular  path  in  which  by  the  force  of  his 
muscles  acted  upon  by  his  volition  or  will  he  can  alone  maintain  i^, 
and  send  it  in  some  straightlined  coui*sey  OBn  o,  p,  q,  or  I  m, 

Centriftigal  and  Centripetal  Forces. 

Now,  in  this  influence,  of  which  he  is  perfectly  conscious,  the  young 
reader  becomes  acquainted  with  a  physical  force  of  a  most  important 
kind  in  mechanics,  and  which,  although  actually  concerned  with  or 
arising  from  the  very  circular  or  curved  motion  he  is,  so  to  say, 
creating  by  his  muscular  force  or  exertion,  is  in  itself  a  striking 
exemplification  of  the  physical  or  natural  law  explained  in  the  pre- 
ceding paragraph — namely,  that  all  motion  is  in  straight  lines.  He 
can,  while  swinging  the  sling  quickly  round,  have  a  very  striking 
example  of  this  natural  tendency  of  moving  bodies  ;  for  he  has  only 
to  let  go  one  of  the  two  cords  of  his  leather  sling,  thus  releasing  the 
stone  embraced  by  it,  when  it  quickly  darts  forth  from  it  and  pro- 
ceeds or  "  flies  "  from  him  in  a  straight  line,  as  above  named.  That 
this  line  is  straight  even  the  schoolboy  soon  learns  to  know,  and  so 
to  depend  upon  the  accuracy  of  the  direct  line  that,  by  dint  of  a  little 
practice,  he  can  so  aim  at  that  he  can  strike  a  body  at  some  distance 
from  him  with  the  stone  which  he  releases  from  his  sling.  In 
ancient  times  the  sling  was  an  eflective  instrument  of  warfare ;  and 
in  the  *'  lasso "  of  the  South  American  herdsman,,  which  is  a  long 
cord  and  terminated  with  a  loop,  we  find  another  way  in  which  this 
tendency  is  made  practically  useful, — for  after  whirling  the  loop 
round  his  head  he  at  a  certain  moment  lets  it  go,  when,  leaving  its 
ciitjular  path,  it  darts  off  straight  to  its  destined  point — the  head  or 
horns  of  the  buffalo  or  ox  which  it  is  the  object  of  the  herdsman  to 
catch.  Returning  to  the  experiment  of  the  youthful  student  with 
the  sling :  of  the  two  forces,  of  which  he  is  now  cognisant,  present  in 
its  movement,  he  feels  that  one  is  that  of  hia  wrist  or  arm  in  con- 
stantly dragging  round  the  stone — "  forcing  it,"  to  use  the  popular 
yet  most  suggestive  phrase,  to  travel  in  a  circular  direction;  and 
the  other  that  which,  if  left  free,  forces  it  to  go  off  in  a  line  perfectly 
opposite  to  that  of  the  curved  one — that  is,  in  a  straight  line.  This 
"  force,"  which  is  found  to  exist  in  all  bodies  compelled  to  move  in  a 
circular  direction,  is  that  to  which  the  name  of  "centrifugal"  is 
given.  Centrifugal  force  is,  then,  that  which  is  prompting,  so  to  say, 
all  bodies  so  moving  to  fly  away  from  or  leave  the  centre,  and  this 
always  in  straight  or  direct  lines.  The  term  is  derived  from  two 
Latin  words,  centrtmi,  a  centre,  Sind/ugere,  to  fly — so  that  this  force 
may  be  defined  as  a  "  centre  flying  "  or  "  leaving  "  one.     The  oppo- 


200    THE  TECHNICAL   STUDENT'S   INTRODUCTION  TO   MECHANICS. 

site  or  converse  "  force  " — ^namely,  that  which  compels  a  body  to  seek 
or  move  towards  the  centre — is  called  "  centripetal,"  from  two  Latin 
words,  centrn/tn,  and  petere,  to  move  forward  or  towards.  The  force 
such  as  that  of  the  muscular  power  of  the  body  in  the  case  of  the 
sling,  which  drags  round  the  body,  compelling  it  to  leave  the  natural 
straight  line,  is  the  "centripetal  force" — while,  when  the  sling  is 
released  and  the  stone  left  free  to  move,  it  is  the  "  centrifugal "  force 
which  by  its  action  sends  forth  the  body  in  a  straight  line,  the 
length  of  which  and  the  velocity  with  which  it  moves  along  it  is 
dependent  upon  the  velocity  of  the  body  while  it  was  compelled  to 
move  in  a  circular  direction ;  and  the  momentum  or  force  with  which 
the  stone  strikes  the  body  aimed  at  is  dependent  upon  its  weight  or 
mass  and  its  velocity  forward.  , 

Those  two  forces  are  always  existing  in  all  bodies  moving  in 
circular  directions ;  and  in  mechanical  work,  as  it  is  the  centrifugal 
force  which  is  the  most  powerful  in  doing  mischief,  it  is  the  aim  of 
the  mechanist  so  to  arrange  his  parts  that  while  they  have  weight 
or  mass  enough  to  give  with  the  velocity  of  their  revolution  or  circular 
motion  the  momentum  or  force  desired,  they  shall  be  strong  enough 
to  resist  the  power,  so  to  say,  of  the  centrifugal  force  generated  by 
the  moving  body,  so  as  to  keep  it  whole  or  in  good  working  order. 

This  centrifugal  force  in  heavy  bodies  moving  at  high  velocities,  if 
not  in  this  way  duly  provided  for,  is  so  powerful  in  its  effects  when 
left  free  to  act,  that  grave  disasters  to  life  and  property  frequently 
accrue  from  this.  What  a  "  break-down  "  is,  which  is  caused  by  the 
heavy  rim  of  a  fly-wheel  becoming  fractured  and  a  part  or  parts  of 
it  flying  off,  many  engineers  have  had  costly  experience  of.  The 
great  damage  done  also  by  the  breaking  off  of  a  piece  or  pieces  of 
a  heavy  grindstone  is  due  to  the  fact  of  the  centrifugal  force  being 
greater  than  the  "cohesive  force,"  or,  to  use  the  more  popular 
expression,  of  the  cohesion  of  the  grindstone,  which  tends  to  keep 
them  in  contact  so  as  to  form  a  perfect  whole.  But  while  forces 
which  he  may  himself  create  in  order  to  serve  a  useful  purpose  may 
prove — ^unless  duly  provided  for  and  against — to  be  destructive 
agencies,  those  same  forces  can  be,  and  are,  made  every  day  as  willing 
as  they  are  powerful  servants  to  do  his  varied  and  ever- varying  work. 
This  centrifugal  force,  so  powerfully  destructive  when  acting  in  a 
wrong,  has,  in  its  useful  developments,  when  controlled  in  a  right 
direction,  been  made  to  do  valuable  work.  We  can,  of  course,  find 
space  to  name  but  a  few  of  all  the  ways  in  which  the  machinist 
avails  himself  of  this  centrifugal  force  to  do  a  variety  of  work  in 
industrial  operations.  One  of  its  most  simple  and  direct  applications, 
and  which  in  its  varied  modifications  has  been  of  vast  service  to 
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namerous  branches  of  indoatiial  work,  is  met  witb  in  the  centrifugal 
drying  machine.  This,  briefly  described  and  Ulustrated  by  a  mere 
diagram,  consists  of  a  central  cylindrical  receptacle,  hung  vertically 
on  a  central  shaft,  which  givea  it  a.  rotation  of  great  velocity,  and 
surrounded  by  an  outer  cylinder,  of  so  much  larger  diameter  as  to 
leave  a  space,  as  a  o  (fig.  30),  between  the  two  cylindera.  The  inner 
cylinder,  b  b,  ia  made  with  a  perforated  periphery,  niabing  it,  as  it 
were,  a  cylindrical  sieve ;  the  wet  cloth  or  other  substance  from 
which  the  superfluous  water  is  to  be  expelled  is  placed  in  the  inside 
of  this  perforated  cylinder,  and  the  whole  covered  up.  Motion  is 
then  given  to  the  central  shaft  at  a  high  speed,  and  the  wet  cloth, 
etc.,  ia,  by  the  centrifugal  force  generated,  driven  up — in  its  efibrts 
to  fly  from  the  central  shaft — and  as  it  cannot  escape  to  fly  off  in 
straight  lines,  as  it  would  if  left  free,  is,  in  being  carried  round  with 
the  cylinder,  pressed  up  against  its  inner  surface  with  such  force  or 
power  that  the  water  is  squeezed  out  of  the  folds  of  the  cloth,  and 
passing  through  the  perforations,  falls  into  the  free  space  a  a.     We 
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say  falls,  bnt  if  one  could  see  inside  this  space,  one  would  flud,  as  the 
water  passed  from  the  inner  to  the  outer  face  of  the  revolving  cylinder, 
that  it  was  dashed  or  thrown  off  from  the  outer  face  in  straight 
lines,  and  being  caught  by  the  surface  of  the  outer  cylinder  or  cover, 
trickled  down  to  the  lower  part  of  the  annular  space  a  a.  Here  the 
"centripetal"  force  is  that  exerted  or  generated  by  the  rapid  rotation 
of  the  central  shaft  of  the  perforated  and  revolving  cylinder,  and 
which  is  connected  to  the  cylinder  by  the  arms  or  disc ;  and  here  the 
shaft  represents  the  hand  and  wrist  or  arm  of  the  stone  slinger, — 
the  arms  of  the  disc  which  connects  the  shaft  with  the  outer 
perforated  cylinder  the  cord  or  string  of  the  sling, — and  the  sides 
or  periphery  of  the  perforated  cylinder  the  sling  itself.  In  this 
machine  it  is  scarcely  necessary  to  state  that  the  inner  or  perforated 
cylinder  revolves  or  rotates  round  its  centre  or  axis ;  the  outer 
cylinder,  which  acts  as  a  cover,  being  stationary.  We  have  had 
occasion  in  the  preceding  paragraphs,  and  in  the  present  one,  to  use 
the  words  rotation  and  revolution.     As  these  are  what  may  be  called 
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*'  stock  terms  "  in  the  vocabulary  of  the  mechanic,  in  use  perpetually, 
it  will  be  well  here,  in  accordance  with  the  plan  of  treatment  adopted 
in  this  work,  to  show  their  derivation.  In  one  sense  the  two  terms 
are  synonymous  or  similar  or  convertible ;  in  another  they  are  not 
so.  As  a  rule  we  associate  with  the  term  **  rotation  " — a  circular 
movement  round  a  central  axis  —the  idea  of  a  slow,  or  comparatively 
slow,  velocity ;  with  "  revolution  "  a  higher  velocity.  One  would 
scarcely  say  that  a  pulley  made  an  enormous  number  of  "  rotations," 
— one  would  almost  certainly  employ  the  word  "  revolutions."  The 
term  "  rotation  "  is  derived  directly  from  the  Latin  rolare,  and  this 
from  rota,  a  wheel.  So  that  to  rojbate  is  to  turn  round  as  a  wheel 
does,  and  rotationis  the  act  of  turning  round.  Hevolve  is  also  derived 
from  the  Latin — the  two  words  re,  again  or  back,  and  volvere,  to  roll 
or  turn  round.  We  see,  then,  that  the  distinction  generally  made 
between  the  two  terms,  as  above  noted,  is  based  upon  an  accurate 
conception  of  the  derivation  of  the  two  words:  thus,  rotation  conveys 
the  idea  that  it  is  movement  or  motion  round  a  centre,  or  like  a 
wheel  {rota,  a  wheel) ;  revolutions,  the  number  of  turns  the  wheel 
takes  (volvere,  to  turn  round). 

Increase  of  Centrifagal  Force. 

When  a  body,  as  a  stone  carried  or  suspended  in  a  sling,  is  swung 
round  in  a  circle,  the  cord  which  connects  the  sling  to  the  hand  is 
stretched  tightly,  and  has  a  certain  strain  exercised  upon  it,  tending 
to  break  it.  The  stone,  as  it  swings  round,  has  an  accelerated  motion 
at  every  deviation  from  its  natural  straight  line  (see  preceding  para- 
graphs). The  strain  or  stretch  upon  th^  string  or  cord  is  a  force 
which  is  to  the  weight  or  mass  of  the  stone  as  double  the  free 
descent  or  space  fallen  through,  due  to  the  velocity  of  the  mass  in 
falling,  is  to  the  radius  of  the  circle  which  the  stone  describes  as  it 
is  swung  round.  Centrifugal  force — or,  as  in  the.  case  of  the  sling 
here  noted,  the  strain  tending  to  break  the  cord — increases  as  the 
square  of  the  velocity ;  and  in  bodies  having  a  motion  of  rotation 
round  an  axis  this  velocity  is  measured  by  the  number  of  revolutions : 
the  centrifugal  force  is  as  the  squaie  of  the  number  of  revolutions, 
and  simply  as  the  diameter.  To  obtain  increased  centrifugal  force 
we  can  therefore  either  increase  the  diameter,  or  with  a  less  diameter 
we  can  increase  the  speed;  and  in  practice  the  last  will  be  found 
generally  to  be  the  best  expedient.  To  find  the  tensile  or  rupturing 
strain  upon  a  cord  or  wire  which  is  fastened  to  a  mass  or  weight, 
commence  to  revolve  rapidly,  square  the  velocity  in  feet  per  second, 
multiply  this  by  the  weight  of  the  mass,  and  this  by  two,  divide  the 
product  thus  obtained  by  twice  the  free  descent,  and  this  by  the 
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length  of  the  wire.  Where  the  speed  or  velocity  of  the  whirling  or 
revolving  stone  in  the  sling  in  relation  to  the  diameter  of  the  circle 
which  it  describes  gives  a  tension  equal  to  gravity,  if  the  sling  is 
swung  round  in  a  horizontal  path,  the  stone  describes  a  plane  at  an 
angle  of  45°  with  the  cord  or  wii*e. 

CausoB  of  SeviationB  from  the  Natural  Straight  Line  of  Motion  of 

Moving  Bodies. 

In  connection  with  the  illustrations  in  figs.  28,  29,  30,  and 
description  in  last  leading  paragraph,  we  have  seen  that  while  motion 
is  naturally  straight,  it  is,  when  acted  upon  by  a  force  other  than 
the  original  force,  bent  out  of  the  straight  line,  and  takes  a  curved 
path.  In  the  case  of  the  force  of  gravitation  only  acting  as  the 
binding  force,  we  have  seen  that  the  curve  assumed  by  the  body 
as  it  approaches  the  earth's  surface  is  that  of  a  parabola,  subject  to 
certain  modifications,  as  in  the  case  of  water  projected  over  weirs  or 
through  the  openings  of  sluice  gates.  In  the  case  of  bodies  moving 
freely  along  surfaces  under  the  action  of  a  given  force,  the  form  of 
the  curve  or  the  path  of  motion  of  the  body  under  the  influence  of 
the  force  is  dependent  greatly  upon  certain  conditions  existing  in  the 
body,  its  form,  and  the  nature  of  itssurface.  Some  of  the  phenomena 
coming  under  this  head  present  many  features  of  practical  interest, 
and  may  be  usefully  glanced  at. 

In  a  preceding  paragraph  we  have  referred  to  the  influence  of 
what  is  popularly  called  "  bias  "  in  projectiles,  as  in  the  balls  used 
in  "  bowling,"  The  points  opened  up  by  this,  affecting  many  of  the 
mechanical  problems  connected  with  "  rollers,"  which  play  such  an 
important  part  in  a  wide  range  of  industrial  work,  will  now  be 
glanced  at.  Discarding  for  the  present  the  effects  of  friction  in  the 
cases  of  bodies  rolling  along  flat  surfaces  under  the  influence  of  a 
force  exerted  upon  them  in  a  certain  direction,  a  perfect  ball  or 
sphere  is,  so  to  say,  indifferent  to  the  position  it  may  occupy — that 
is,  it  will  roll  along  however  it  may  be  projected,  any  point  on  its 
surface  being  at  the  same  distance  from  its  centre  as  any  other  point, 
and  the  ball  or  sphere,  as  a  b  c  d  (fig.  31),  having  its  "centre  of 
gravity "  also  at  the  true  centre,  e,  of  the  sphere,  this  considered 
merely  as  a  geometrical  figure.  How  the  change  of  its  centre  of 
gi-avity,  so  that  it  will  not  coincide  with  or  be  in  the  same  point  as 
the  centre  of  the  sphere,  affects  its  relation  to  a  given  force,  has 
been  already  described  in  discussing  the  points  of  "centre  of  gravity." 
Apart  from  friction  a  perfect  sphere  or  ball  will  roll  freely  along  a 
given  surface,  as  e^*,  with  equal  accuracy  of  motion  whether  it  be 
"  started,"  so  to  say,  with  the  point  a,  for  example,  uppermost  or 
farthest  from  the  line  c/,  or  with  the  point  c  or  any  other  point. 
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Form  of  a  Biaa  in  Bodies  causing  Changes  in  their  Motion. 

But  if,  in  place  of  the  ball  being  a  perfect  sp];Lere,  it  is  so  far  ''  out 
of  the  truth  " — to  use  the  technic^  or  workshop  phrase — that  it  has 
at  a  certain  part  of  its  periphery  a  form  different  from  that  of  a 
true  sphere,  or  what  is  called  a  ^*  bias  "  in  the  language  of  the  bowling 
green  given  to  it,  it  will  no  longer  when  projected  along  the  surface, 
as  e/,  roll  along  it  in  a  straight  line — deviating  neither  to  the  right 
hand  nor  to  the  left — but  it  will  have  a  curved  path,  and  that  in 
proportion  to  the  amount  of  its  bias  or  departure  from  the  surface 
of  a  true  sphere.  Thus,  suppose  the  ball  to  have  a  bias  at  one  side, 
as  at  ^,  if  it  be  thrown  from  the  hand  along  a  flat  surface,  as  from 
the  point  h,  in  the  hope  that  it  will  reach  the  point  ^,  it  will  not  do 
so,  but  will  take  a  curved  path  and  reach  some  point,  as  j,  to  the 


^^^^^^^^^^^^/ 
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Fig.  31. 

right  of  *.  We  may  further  assume  that  the  ball  has  a  double  bias, 
so  that  it  assumes  the  form  shown  at  kl  m:  if  adjusted  by  the  hand 
of  the  player  and  projected  with  force  sufficient — no  other  disturbing 
force  coming  into  play — so  that  the  ball  rolls  upon  the  pai*t  1 1,  it 
will  go  in  a  straight  line  just  as  the  cylinder  n  n  will,  as  each  point 
in  its  surface  is  equidistant  fix)m  its  centre ;  but  the  path  of  the  ball 
will  be  in  a  curve,  and  that  either  to  the  right,  as  A  J  (fig.  31),  or  to 
the  left  as  a  6  (fig,  32),  according  as  the  ball  is  adjusted  and  projected 
to  be  acted  upon  by  the  bias  ^  »*  or  ^  A;  in  fig.  31.  And  if  we  suppose 
that  while  at  rest  the  body  k  I  m  remains  balanced  on  the  cylindrical 
part  I  If  so  that  k  and  m  are  free  from  the  ground,  but  so  nicely 
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balanced  that  any  slight  disturbing  force,  such  as  that  brought  into 
play  by  some  obstacle  lying  in  the  path  of  the  moving  ball,  we  can  ' 
easily  suppose  that  inequalities  of  the  surface,  as,  say,  tufts  of  grass 
in  the  bowling  green,  will  cause  the  ball  at  some  parts  to  be  rolling 
on  side  I  m,  at  other  parts  on  side  I  k;  and  the  result  of  these 
actions  will  be  that  we  have  a  line  of  motion  or  a  path  zigzag,  or 
going  alternately  to  the  right  hand  and  the  left.  Thus,  when  the 
ball  rolls  on  bias  I  m  (fig.  31),  it  will  move  in  the  curve  c  d  {^g.  32), 
and  when  an  obstacle  tilts  up  the  ball  so  that  it  now  moves  on  the 
bias  I  k  (fig.  31),  the  curve  will  be  to  the  left,  as  from  dto  e  (fig.  32). 
How  this  change  of  shape  brings  about  the  change  of  path  of  motion 
of  a  body  rolling  freely  along  a  level  or  rather  a  flat  surface,  is 
explained  by  the  diagram  B>t/j  (fig.  32).  In  the  case  of  the  cylinder 
at  n  71  (fig.  31) — this  being  of  uniform  diameter  throughout  its  length 
— the  length  of  the  circumference  at  end  n  n  will  be  equal  to  that 
at  end  n'  n',  and  when  rolling  along  the  ground  the  length  of  ground 
surface  gone  over  by  each  end  will  be  the  same ;  so  that,  apart  from 
disturbing  influence,  the  cylinder  will  roll  along  in  a  straight  line  in 
the  direction  of  the  force  acting  upon  it.  But  if  we  trim  down  the 
cylinder  so  as  to  make  the  one  end  much  smaller  than  the  other — 
as  the  end  u  than  the  end  w'n' — we  find  that  this  conical  roller  will 
no  longer  roll  along  in  a  straight  line,  but  in  a  curved.  The  reason 
for  this  the  youthful  student  will  easily  understand  from  what  has 
been  said  above ;  for  the  diameter  of  the  end  fi  (fig.  32),  being  so 
much  greater  than  that  At  nn  (fig.  31),  the  length  of  surface  gone 
over  by  it  during  one  revolution  of  the  cone  will  be  just  so  much  the 
greater  than  that  gone  over  by  the  small  end  n'n'  {lag,  31).  Thus, 
suppose  the  circumferential  line,  during  one  revolution  of  this  small 
end,  terminates  at  h — ^the  completion  of  the  revolution — the  terminal 
point  of  the  larger  circumference  of  ^t  will  be  atj.  The  result, 
therefore,  is  a  curved  path,  and  the  curvature  or  sharpness  of  this 
will  be  in  proportion  to  the  incline  or  angle  of  the  cone.  The 
direction  of  the  curve  will  be  reversed  by  reversing  the  cone,  as  at 
I  (fig.  32).  And  just  as  we  saw  in  the  case  of  the  ball  with  a  double 
''bias,''  as  A;  ^ m  (fig.  31),  so  in  the  case  of  a  double  cone  we  see  that 
when  projected  from  the  hand  along  a  level  surface  with  force,  it 
would  have  a  waddling  or  zigzag  line  of  path,  going  now  to  the 
right,  now  to  the  left,  according  as  it  was  tilted  up  and  its  position 
changed  by  obstacles  meeting  it ;  just  as  the  cone  1  or  the  cone  2 
was  made  to  come  in  contact  with  the  surface  on  which  the  double 
cone  is  moved  along.  In  like  manner  we  see  that  'the  movements  of 
cylinders,  asnnn'  n'  (fig.  31),  would  be  dependent  upon  the  position 
of  the  small  ends,  whether  as  at/i  A  i,  or  II  (fig>  32), 
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Clianges  in  the  Direction  of  Motion  of  Bodies. 

In  many  of  the  circumstances  of  daily  life  the  influence  of  what  is 
called  "  bias,'*  in  conjunction  with  centrifugal  force,  is  exemplified  in 
causing  changes  in  the  direction  of  motion.  A  man  in  rolling  a 
barrel — which  is  shaped  something  like  k  I  m  in.  ^g,  31 — along  the 
ground,  can  make  it  take  a  straight  or  a  curved  line  of  motion,  and 
this  latter  either  to  the  right  or  to  the  left,  simply  by  making  it  roll 
either  on  the  highest  part  of  the  barrel,  as  at  I,  or  on  the  smaller  end, 
k  or  m.  The  change  in  direction  of  motion  in  a  rolling  body,  accord- 
ing to  the  change  in  the  condition  of  its  rolling  surface,  is  exemplified 
very  clearly  in  the  familiar  motions  of  a  coin  which  has  fallen,  say,  on 
the  floor  from  the  hand  of  one  who  has  been  handling  it.  The 
velocity  or  momentum  due  to  the  height  from  which  it  has  fallen — 
if  it  does  not  fall  perfectly  on  its  flat  side  and  remain  at  rest — sends 


Fig.  32. 

it  off  rolling  on  its  edge  along  the  floor.  So  long  as  it  rolls  "  truly ' 
on  its  edge,  the  eye  will  see  that  it  takes  a  straight  course.  In  prac- 
tice, however,'  a  coin  so  rolling  rolls  in  a  curved  line,  or  more  frequently 
in  a  series  of  curved  lines  in  alternate  directions ;  and  it  is  this  which 
makes  it  so  difficult  generally  to  find  a  dropped  coin,  as  it  rolls 
rapidly  aside  and  goes  under  some  piece  of  furniture,  or  rolls  in  a 
direction  quite  contrary  to  that  in  which  it  is  supposed  to  have  gone. 
The  reason  for  the  change  of  direction  of  motion  is  that  the  obstruc- 
tions on  the  floor  surface  cause  one  side  of  the  coin  to  be  tilted  up, 
so  that  from  it)lluig  on  its  rim,  as  at  o  in  ^g.  32,  it  assumes  the 
position,  say,  as  at  p,  and,  running  on  its  edge,  it  describes  a  line 
which,  although  in  reality  forming  a  spiral,  carries  it  on  in  a  curved 
line  to  the  right,  till  another  obstruction  causes  it  to  tilt  over  to  the 
left,  as  at  q,  when,  rolling  on  its  opposite  edge,  it  rolls  towards  the 
left.     The  student  should  think  out  those  three  positions  in  relation 
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to  the  force  which  causes  the  coin  to  roll.  A  beautiful  exemplifica- 
tion of  the  influence  of  bias  or  change  of  position  of  a  body  moving 
swiftly  over  a  surface  is  met  with  in  the  practice  of  the  skater,  in 
enabling  him  to  describe  an  infinite  variety  of  curves  on  the  ice  in 
his  career ;  and  this  he  does  by  simply  changing  the  relation  of  the 
sole  or  flat  edge,  o,  of  his  skate,  as  at  j9  and  q  in  fig.  32.  By  changes 
also  in  this  way  he  keeps  himself  from  falling ;  for,  just  as  a  man  on 
a  horse,  in  turning  a  sharp  comer  swiftly,  gives  bearing  or  "  bias  " 
towards  the  comer,  in  like  manner,  if  the  skater  finds  that  he  is 
likely  to  fall  towards,  say,  the  right  hand,  he  gives  his  skate  a  "set " 
towards  that  side,  as  at  point  p  in  ^g,  32 ;  this  imparts  to  it  a 
tendency  to  move  in  that  curve ;  but  the  tendency  of  his  body,  under 
the  influence  of  centrifugal  force,  being  to  move  in  a  straight  Kne, 
the  body  does  not  follow  in  the  curve  quickly  enough,  and  the  result 
of  the  two  tendencies  is  to  throw  the  body  once  more  into  the  per- 
pendicular, and  he  is  thus  saved  from  falling.  It  is  precisely  this 
principle  which  keeps  a  hoop  with  a  narrow  rolling  edge  when  roll- 
ing from  falling  on  its  side — supposing  the  impelling  or  propelling 
force  is  sufficient  to  give  it  motion.  So  soon  as  an  obstacle  on  the 
ground  causes  it  to  tilt  up  to  one  side,  and  to  run  therefore  on  one 
edge,  as  at  p,  the  tendency  to  sweep  off  in  a  curve  towards  the  right 
hand  being  met  by  the  centrifugal  tendency  to  go  in  a  straight  line, 
brings  the  hoop  to  run  on  its  flat  edge,  as  at  o — or  the  central  point, 
r,  if  the  rim  be  round — and  thus  assume  the  perpendicular.  These 
influences,  in  the  course  of  a  long  motion,  may  be  repeated  again  in 
operation ;  they  are  always  ready  to  act,  and  the  hoop,  so  to  say,  goes 
through  them  intuitively,  just  as  the  skater  does.  But  perhaps  the 
most  familiar  illustration  nowadays  of  the  principle  here  explained, 
in  which  these  tendencies  are  made  available  in  preventing  falling,  is 
met  with  in  the  case  of  ths  "  bicycle,"  the  conditions  of  motion  of 
which  the  student  should  think  overi  The  performer  in  a  circus,  on 
feeling  that  he  and  his  horse  have,  in  their  intuitive  desire  to  correct 
the  influence  of  centrifugal  force,  given  too  much  bias,  and  that  they 
have  a  tendency  to  fall  inwards,  increases  the  speed  of  his  horse,  and* 
thus  gives  the  desired  tendency  to  rise  up  from  the  angle  or  inclina- 
tion to  falling — the  converse  work  of  reducing  the  speed  of  his  horse 
being  gone  through  if  he  feels  a  tendency  to  fall  outwards  or  from 
the  centre  of  the  ring.  All  this  is  done  by  the  practised  circus  per- 
former, and  so  also  by  the  bicyclist,  whose  performances  create  such 
surprise  to  those  who  are  not  acquainted  with  the  actual  laws  upon 
which  his  performance  depends.  There  are  in  connection  with 
bicycling  many  curious  mechanical  points,  which  the  student  will  do 
well  to  consider. 
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Changes  in  the  Charaoter  of  Motion  brought  about  by  Changei  of  Position 

or  of  Form  in  Bodies. 

We  have  seen,  from  what  has  been  stated  in  the  preceding  para- 
graph, the  important  influence  which  form  exerts  in  bodies  moving 
along  surfaces.  It  is  no  less  noticeable  in  the  case  of  bodies  which 
move  through  the  air  or  through  water — or,  conversely,  which  derive 
their  motion  from  or  are  influenced  by  or  acted  upon  by  air  or  w;ater. 
Thus,  by  a  change  in  the  form  of  a  body  which  is  projected  or  shot 
through  the  air,  we  bring  about  a  very  material  change  in  the  cha- 
racter of  the  motion  of  the  body.  And  this  change  in  the  form  may 
be  of  a  very  simple  character;  generally  speaking,  the  change  consists 
in  adding  to  the  general  bulk  of  the  object  parts  which,  forming 
new  surfaces,  give  oblique  ones — ^against  which  the  air  or  the  water 
impinges  at  an  angle  to  the  general  lines  of  the  object.  When  we 
come  to  consider  the  phenomena  of  bodies  put  in  motion  by  more 
than  one  force,  we  shall  illustrate  this  characteristic  of  motion — as 
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Fig.  33. 


the  illustration  will  come  more  closely  under  that  subject.  We  refer 
here  to  the  point  under  notice  only  in  a  general  way,  instancing  the 
feathers  of  an  arrow  shaft  or  the  projections  of  a  rifle  bullet  as 
examples.  The  student  will  find  throughout  his  practice  a  wide 
variety  of  instances  in  which  what  we  have  called  the  "  bias  "  of  a 
body  or  object  depends  upon  the  form  or  configuration,  and  which 
we  have  illustrated  in  a  number  of  ways.  These  examples  have 
hitherto  been  confined  to  the  cases  of  bodies  or  objects  which  have 
motion  in  themselves  over  surfaces  which  are  fixed.  But  the  phe- 
nomena are  observable,  although  they  are  manifested  in  a  diflerent 
way,  when  the  converse  of  this  condition  is  met  with,  and  we  have 
the  bodies  or  objects  fixed  or  stationary  and  the  surfaces  which  are 
in  contact  with  them  in  motion ;  so  also  when  the  surfaces  are  fixed 
and  the  body  or  object  moves  in  contact  with  these  surfaces,  but  are 
so  fixed  that  they  move  always  in  one  position.     We  shall  see  pre- 
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sently  that  by  the  change  of  that  position  a  change  is  in  like  manner 
brought  about  in  the  character  of  motion.  Let  us  suppose  that  a 
roller,  a  a,  ^g,  33,  is  free  to  revolve  in  fixed  or  stationary  bearings ; 
its  surfaces  or  periphery  coming  in  close  contact  with  the  surface  of 
a  table,  h  b.  This  table  has  an  alternate  motion  given  to  it,  which 
causes  it  to  move  horizontally  in  the  direction  of  the  arrow  e,  and 
next  in  that  of  the  arrow  d.  The  motion  of  the  roller  a  a  will  thus 
be  that  of  alternate  circular,  as  that  of  the  table  6  6  of  alternate 
rectilineal  motion— the  roller,  as  e,  revolving  in  the  direction  of  the 
arrow  when  that  of  the  table  is  as  at  y,  and  revolving  as  at  j  when 
the  table  moves  as  at  A.  Presuming  tnat  the  work  to  be  done  by 
this  mechanical  arrangement  is  to  rub  out  or  mix  some  greasy  sub- 


Fig.  34. 

stance,  as  paint,  the  young  student  might  at  first  conclude  that, 
taking  care  to  have  the  two  surfaces — that  of  the  arrow  a  and  the 
table  b  b — closely  enough  in  contact,  it  wcJuld  matter  little,  so  far 
as  the  rubbing  or  mixing  action  wets  concerned,  how  the  roller  a  a 
"was  placed  in  relation  to  the  table  b  b.  But,  if  he  will  think  the 
matter  out,  he  will  perceive  that  the  rubbii\g  action  will  be  difierent 
in  character  by  placing  the  roller  a  a,  as  in  ^g,  34,  oblique  to  the 
line  of  motion  of  the  table  b  b.  In  a  certain  class  of  machines  two 
or  more  rollers  are  placed  oblique  to  each  other  and  to  the  table,  as 
Bt  c  din  the  same  figure ;  conical  rollers  are  shown  at  e/.  In  many 
cases  of  mechanical  work  the  value  of  this  principle  of  placing  bodies 
diagonally  or  obliquely  in  relation  to  motioas  of  a  rectilineal  character 
is  becoming  more  and  more  recognised,  and  late  years  have  witnessed 
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a  variety  of  applications  which  may  be  said  to  add  their  mechanical 
efficiency  to  its  adoption.  The  young  reader  may  be  helped  in  his 
analysis  of  the  motion  given  in  fig.  34,  at  a  6,  c  d,  by  considering 
the  character  of  that  in  fig.  35.  This  represents  the  principle  of 
working  of  a  farming  implement  for  stirring  up  and  disintegrating 
the  soil,  and  may  be  looked  upon  as  an  excavating  machine.  The 
roller  a  a  is  provided  with  a  series  of  arms  or  claws,  shown  in 
diagram,  projecting  from  its  surface.  Eotatory  motion  was  commu- 
nicated to  these  by  appropriate  mechanism,  set  in  motion  by  the 
same  power  which  dragged  the  apparatus  along  in  the  direction  of 
the  arrow  c,  and  which  direction  was  at  right  angles  to  the  line  or 
face  of  the  soil  to  be  stirred  or  excavated.  While  this  to  a  certain 
extent  was  efficient  in  operation,  it  was  found  that  in  place  of  fixing 
the  working  shaft  a  a  parallel  to  the  face  of  the  work  or  soil  to  be 
dug  up  or  excavated,  or  at  right  angles  to  the  line  of  direction  of 
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Pig.  35. 

motion  c,  by  fixing  it  diagonally  in  the  framing,  as  at  d  e,  the  work 
was  done  much  more  readily  and  efficiently,  the  soil  being  more 
thoroughly  disintegrated  or  broken  up  than  when  the  motion  at  a  a 
was  used.  The  reader  will  perceive  that  the  effect  of  this  arrange- 
ment was  to  present  the  excavating  shaft  to  the  soil  so  that  it  took 
the  work  in  parts  or  divisions,  the  end  d  entering  the  new  soil  in 
the  first  instance;  and  as  the  frame  was  dragged  forward  in  the 
direction  of  the  arrow  c,  the  rest  of  the  rollers  came  gradually  into 
action.  But  as  the  soil  was  operated  upon  by  the  claws  near  the 
end  d,  it  was  passed  on  in  an  angular  or  oblique  direction,  as  shown 
by  the  liney*^  in  the  diagram,  along  the  line  of  shaft,  so  that  the 
claws  towards  the  end  e  took  it  up  and  worked  upon  before  they 
themselves  were  brought  up  to  be  in  contact  with  the  new  soil,  as 
at  k  in  the  diagram.  By  thus  acting  on  the  principle  of  **  divide 
and  conquer  "  it  was  found  that  not  only  was  the  soil  muclx  better 
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broken  up,  but  the  power  required  was  much  less  than  when  the 
whole  of  the  claws  or  tines  were  brought  at  once  to  operate  upon 
the  full  length  of  the  line  or  face  of  new  soil,  as  i  J  in  the  diagram. 

Xacamplei  of  Oblique  Xotion. 
The  same  principle  of  oblique  action  is  adopted  with  striking 
success  in  cutting  machines.  Thus,  suppose  a  a,  fig.  36,  to  be  a 
thick  mass  made  up  of  many  sheets  of  paper,  and  this  mass  has  to 
be  divided  across  at  a  certain  part,  if  the  faiife  6  6  is  so  actuated 
by  mechanical  arrangements  that  it  is  brought  down  to  a  a  in  the 
direction  of  arrows  c,  d — that  is,  at  right  angles  to  the  face  of  a 
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Fig.  36. 

great  power  would  be  required  to  force  the  knife  h  h  through  the 
mass  of  paper,  and  the  severance  would  not  be  effected  with  what 
is  called  a  "  clean  cut.''  But  if  a  double  motion  could  be  given  to 
the  knife,  so  that  while  it  descended  in  the  direction  of  arrows  c,  d, 
it  had  a  side  or  lateral  motion  in  the  direction  of  arrow  /  (see 
diagrams  at  efg,  h  ij),  then  the  *'  cut "  would  be  a  clean,  that  is, 
even,  smooth-edged  cut,  while  the  power  required  would  be  much 
less  than  with  the  former  arrangement.  The  accurate  principle  of 
giving  a  cutting  knife  a  motion  which  is  a  compound  of  two  other 
motions  which  are  different  in  direction  is  based  on  the  assumption 
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that  the  cutting  edge  of  a  knife,  however  keenly  sharp,  is  not  a 
uniform  line,  but  is,  on  the  contrary,  made  up  of  a  series  of  small 
sharp-edged  wedges.  A  microscopic  examination  of  even  the  finest 
cutting  edge  of  a  surgical  instrument  shows  the  absolute  accuracy  of 
this  assumption.  A  £iif e  blade,  as  that  used  in  a  cutting  mechanism, 
such  as  at  a  6  c  c?  in  diagram,  fig.  36,  is  in  its  cross  section  a  wedge, 
the  back  edge  being  much  thicker,  as  at  ti  in  the  diagram,  than  at 
the  cutting  edge  o,  which  is  brought  to  the  finest  line  possible.  But 
if  this  were  pressed  down  vertically,  as  in  the  direction  of  arrow  p,  it 
would  indent  or  press  in  a  soft  surface  opposed  to  it,  but  it  would 
only  be  by  great  pressure  that  it  would  cut  or  be  forced  through  the 
mass  or  body.  But  as  the  edge  is  realjy  made  up  of  a  series  of 
infinitely  small  wedges,  as  at  q  q,  to  make  these  effective  in  operation 
the  knife  blade — which  we  thus  see  to  be  a  double  wedge — must 
have  a  lateral  motion,  as  in  the  direction  of  arrow  r,  in  combination 
with  the  vertical,  as  at  p.  This  dual  motion  is  technically  called  the 
"  draw  cut,"  or  "  draw  "  motion.  One  method  of  obtaining  this  in 
the  case  of  a  cutting  mechanism  is  shown  in  diagram,  the  knife  k  k 
being  gradually  brought  into  contact  with  the  mass  of  material,  m, 
to  be  cut  as  it  descends  in  the  direction  of  arrow  t.  This  well-knowti 
cutting  appliance  is  much  more  efficient  than  one  with  a  vertical  cut, 
as  at  c  c2  in  ^g.  36 ;  but  it  would  be  still  more  efficient  if,  while  the 
knife  k  k  was  descending  and  cutting  through  the  mass  m,  the  latter, 
or  rather  the  table  on  which  it  rested,  had  a  correspondingly  regular 
movement  in  the  direction  of  the  arrow  u  u. 

Diagonal  Movements  in  Mechanism. 
The  value  of  diagonal  or  oblique  positions  is  shown  in  mechanical 
arrangements  in  which  the  motion  of  fluids  is  concerned.  Numerous 
illustrations  of  this  are  to  be  met  with  in  practice,  and  several  are 
given  throughout  the  pages  of  this  work.  In  fig.  37  we  give  two 
examples  of  it.  In  this  a  a  shows  a  circular  internal  flue  of  a  steam- 
engine  boiler  surrounded  with  water,  through  which  flue  the  heated 
air  and  gases  from  the  furnace  pass,  as  in  the  direction  of  the  arrow 
h  in  diagram  plan.  For  long,  steam-engine  boilers  were  as  a  rule  so 
constructed  that  the  water  was  contained  in  the  vessel  in  a  large 
mass.  The  idea  here  illustrated,  of  dividing  or  splitting  up,  so  to 
say,  a  large,  heavy  bulk  of  water  to  be  heated  into  lighter  masses 
and  smaller  bulks,  has  led  to  great  improvements  in  boiler  making 
and  working.  One  of  the  earliest  methods  was  that  known  as  the 
Cornish  boiler,  in  which  one  flue  was  placed  internally,  as  at  a  a  in 
the  diagram,  which  obviously  gave  a  large  heating  surface  in  what 
may  be  called  the  very  heart  of  the  mass  of  water.     It  occurred  to 
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some  one  that  the  principle  of  division  of  the  mass  of  water  and  of 
increasing  the  heating  surfaxjes  with  which  that  water  came  in  contact 
might  be  productive  of  greater  economy  of  heat,  and  consequently 
of  fuel.  This  was  at  first  proposed  to  be  done  in  the  case  of  the 
internally  flued  boiler,  as  at  a,  by  connecting  at  intervals  along  the 
length  of  the  flue  its  upper  part,  c,  with  its  lower,  d,  by  vertical 
tubes,  one  of  which  is  shown  at  e.  This  still  further  divided  the 
mass  of  water,  and  gave  smaller  portions  to  be  heated  at  a  time  and 
larger  heating  surfaces.  The  plan  was  found  to  be  in  great  measure 
efficient ;  but  it  was  nob  till  the  happy  idea  occurred  to  some  one  to 
make  the  tubes  conical,  as  2Xfg — that  is,  with  angular  or  oblique 
sides  or  exterior  surfaces — that  the  full  efficiency  of  the  system  was 
secured.  When  this  system  was  adapted  to  the  internally  flued 
boiler,  one  of  the  most  efficient  of  all  our  boilers — the  Lancashire, 
with  "  Galloway  "  tubes — was  obtained ;  the  conical  tubes  being  so 
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Fig.  37. 

called  from  the  name  of  the  inventor,  one  of  the  firm  of  Messrs. 
Galloway  &  Co.,  engineers,  of  Manchester,  who  have  done  an  enor- 
mous trade  in  the  manufacture  of  boilers  on  the  principle  here 
described.  The  student  will  perceive  that  the  conditions  and  the 
phenomena  of  the  water  moving  within  the  tube,  and  the  heated  air 
playing  on  its  surface  without,  would  be  (iifferent  if  the  tube  were 
reversed — that  is,  the  narrow  end,  g,  at  the  top  in  place  of  being 
at  the  bottom,  as  in  the  diagram  \  just  as  the  phenomena  would  be 
difierent  in  the  case  of  a  tube  through  which  water  was  circulating 
and  on  the  exterior  of  which  heated  air  was  impinging  when  that 
tube  was  placed  vertically,  as  at  A,  or  obliquely,  as  at  t.  The 
observing  reader  wil4  have  many  opportunities  of  noticing  how  much 
the  motion  and  the  phenomena  of  motion  alike  of  solid  and  of  fluid 
bodies  are  modified  and  influenced  by  conditions  connected  with 
form  and  position  j  and  if  to  the  points  b©  observes  he  gives  that 
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which  makes  observation  valuable — thought — he  will  in  his  practice 
be  able  to  adapt  what  he  learns  to  a  much  wider  range  of  circum- 
stances in  work  than  he  would  at  iirst  sight  be  disposed  to  believe 
possible. 

Cireular  Motion.— Oeneral  Considerations. 

The  change  in  the  condition  of  bodies  in  bringing  about  a  change 
in  the  character  of  the  movements  or  motions  which  a  given  force 
imparts  to  it,  is  that  which  gives  the  power  to  the  machinist  to  do  a 
variety  of  work  or  to  bring  about  certain  effects.  And  this  prin- 
ciple, which  affects  more  or  less  all  mechanical  arrangements,  is  just 
as  strikingly  exemplified  in  the  case  of  cylindrical  bodies  as  in  that 
of  any  other.  Known  perhaps  more  widely  as  "  rollers,"  these  bodies 
play  one  of  the  most  important  parts  in  our  industrial  mechanism. 
Simple  as  a  "  roller  "  looks — ^so  simple  that  to  the  popular  mind  it 
is  scarcely  considered  as  a  mechanical  body  at  all — its  use  in  and 
adaptation  to  industrial  work  as  performed  by  the  use  of  machinery, 
to  the  large,  and  in  some  cases  the  complete,  exclusion  of  manual 
labour,  save  that  only  required  to  supply  the  material  to  the  machine 
and  keep  it  in  operation,  has  completely  revolutionised  certain 
branches  of  trade.  Without  the  use  of  the  roller  none  of  our  textile 
manufactures,  as  carried  on  now  almost  exclusively  by  the  use  of 
machines,  would  occupy  the  position  they  do,  producing  textile  fabrics 
literally  by  the  mile  in  periods  of  time  during  which  in  the  olden 
times  hand  labour  could  not  have  produced  many  yards.  And, 
simple  as  this  element  of  mechanism  is,  it  may  safely  be  said  that 
it  took  centuries  of  human  experience  in  the  work  of  everyday  life 
before  that  experience  led  man  to  the  conception  of  the  roller.  Its 
principle,  indeed,  lies  at  the  root  of  circular  or  "curved-line"  motion, 
as  opposed  to  or  quite  different  in  its  character  from  that  of  straight, 
or  what  we  call  "  rectilineal  or  right-line  "  motion.  And  how  very 
long  it  was  before  the  mind  of  man  was  able  to  grasp  the  conception 
of  circular  motion,  his  history  gives  us  some  fair  idea.  It  may  safely 
be  said  that  it  took  many  generations  of  working  experience  to 
enable  man  to  comprehend  the  possibiHties  of  circular  motion  as  a 
potent  help  to  him  in  the  doing  of  his  work,  wherever  that  work 
was  aided  by  what  are  now  called  mechanical  contrivances.  This 
conception  of  circular  motion,  when  once  grasped  by  the  mind  of 
man,  gave  him  a  power  which  it  took  nevertheless  long  years  to 
avail  himself  of  to  any  great  practical  and  useful  purposes,  and 
which  took  still  longer  for  it  to  enable  him  to  have  a  right  conception 
of  its  mechanical  possibilities,  carrying  with  it  as  it  did  one  of  the 
powers  which  have  made  modern  mechanism  what  it  is, — for  without 
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circular  motion  not  a  tithe  of  it  would  or  could  exist  or  do  work. 
One  is  but  too  apt  to  overlook  the  vast  importance  ot  this  principle 
simply  because  it  is,  or  to  put  it  correctly,  appears  to  be,  a  little 
thing,  a  trifle.  So  also  in  many  other  of  the  directions  to  which 
the  youthful  student  in  mechanism  may  give  thought  we  shall  find 
exemplifications  of  the  value  of  little  things.  How  many,  for 
example,  make  and  use  that  most  familiar  of  all  mechanical  appli- 
ances, a  "  screw  bolt "  with  its  accompanying  "  nut "  !  Think  of  it, 
what  it  really  is — a  mechanical  contrivance  so  simple,  yet  so  power- 
fully effective,  and  adaptable  to  so  infinitely  wide  a  range  of  cir- 
cumstances, that  had  it  not  been  invented  when  it  was  mechanical 
progress  would  have  been  retarded  for  an  unknown  period.  Progress 
without  it,  indeed,  was  simply  impossible ;  for  this  mechanical  con- 
trivance, so  trifling,  was  indispensable,  and  without  it  circular  motion, 
with  all  its  mechanical  potentialities,  would  also  have  remained  but 
a  dream,  another  addition  to  the  long  list  of  philosophic  toys  or 
playthings.  Detailed  illustrations  and  descriptions  of  circular  motion, 
what  it  can  do  and  what  it  has  done,  are  not  here  necessary ;  this 
work,  in  every  one  of  the  wide  range  of  machines  and  mechanism 
which  it  illustrates,  gives  in  the  aggregate  an  almost  endless  variety 
of  illustrations  of  its  value.  Our  object  chiefly  in  this  paragraph 
has  been  to  point  out  to  the  youthful  student  how  it  took  a  long 
period  in  his  history  for  man  to  grasp  the  conception  of,  and  almost 
as  long  a  period  for  him  to  work  out  into  practical  shape,  so  simple 
and  trifling  a  thing  as  but  too  many  conceive  circular  motion  to  be; 
and  from  this  direction  given  to  the  thought  of  the  student  on  this 
point  our  aim  has  been,  as  it  is  our  hope,  that  he  will  derive  a  lesson 
which  he  will  find  to  be  of  essential  value  to  him  in  his  practice  yet 
to  come,  which  if  it  be  guided  by  careful  thought  given  to  every 
detail,  however  minute,  to  every  part,  however  trifling  it  may  to 
the  common  mind  appear  to  be,  will  be  certain  to  be  a  successful 
practice.  We  have  elsewhere  in  this  section  pointed  out  to  the 
student  the  value  of  the  habit  of  "  observation," — ^and  engineering 
has  been  called  the  *'  science  of  observing," — but  if  we  were  asked 
upon  what  depended  the  future  of  mechanical  progress,  we  should 
unhesitatingly  reply  the  habit  of  thinking  every  subject  or  piece  of 
work  completely  out,  "  all  round,"  as  the  common  expression  goes. 
And  this  does  not  do  away  with  or  lessen  in  any  way  the  value  of 
the  habit  of  observation — rather  enforces  this,  for  in  truth  observa- 
tion, to  be  worth  anything,  must  be  thoughtful  observing,  so  that 
it  cannot  exist  without  the  habit  of  thinking. 

As  a  rule,  all  bodies  which  have  a  circular  motion,  or  what  is 
called  movement  or  motion  round  an  axis  or  central  point,  are  circular 
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in  form — that  is,  have  their  peripheries  or  bounding  lines  curyed 
in  the  form  of  a  circle  the  centre  of  which  is  in  the  centre  of  the 
axis  of  motion.  A  veiy  little  consideration  of  the  general  circum- 
stances under  which  motion  is  acquired  and  required  will  show  the 
reason  for  this,  of  which  an  endless  series  of  examples  are  found  in 
the  practice.  There  are  but  few  exceptions  to  this  rule  dictating 
the  form  or  configuration  of  rotating  bodies — the  elliptical  and  the 
diagonal-square  toothed  wheels  being  the  chief,  and  these  being 
adopted  in  order  to  produce  certain  changes  in  motion  of  parts  of 
machines.  The  most  familiar  illustration  of  a  circular  body  is  a 
grindstone,  and  as  turned  by  manual  labour  it  affords  a  good  example 
of  circular  motion  in  which  its  phenomena  are  displayed,  and  a 
striking  instance  of  what  appears  to  be  a  very  simple,  but  what  is 
indeed  so  important  an  element  in  practical  mechanism  that  its  value 
cannot  be  overestimated.  E>eference  is  here  specially  made  to  the 
crank,  or,  as  it  is  usually  termed,  the  handle,  by  which  the  muscular 
force  of  the  man  working  the  grindstone  communicates  to  its  mass 
a  motion  of  rotation,  or  causes  it  to  revolve,  or  in  common  language 
to  turn  round.  So  very  familiar  have  we  become  through  long 
usage  of  this  simple  contrivance  (and  which,  like  all  perfect — so 
called — contrivances,  is  the  more  valuable  because  of  its  simplicity), 
that  we  generally  have  ceased  to  recognise  in  it  one  of  those  inven- 
tions of  man  which  have  given  him,  so  to  say,  a  power  which  has 
positively  revolutionised  his  material  existence,  inasmuch  as  it  has 
enabled  him  to  perform  a  vast  variety  of  work — mechanical  opera- 
tions— which  without  it  could  not  have  been  done  at  all. 

The  contrivance  of  the  handle  or  winch,  as  exemplified  in  the 
simplest  of  all  rotating  circularly  formed  bodies,  the  grindstone — or, 
to  give  it  its  correct  mechanical  name,the  crank — takes  part  in  every 
combination  of  mechanism  in  which  naturally  straight  or  right-lined 
is  converted  into  bent,  curved-lined  or  circular  motion :  constitutes, 
in  fact,  one  of  the  great  inventions  of  man  by  the  aid  of  which 
mechanical  work  is  alone  possible.  And  it  is  somewhat  saddening,  as 
assuredly,  if  considered  in  a  right  spirit,  it  is  humbling  to  the  pride 
of  man,  to  think  that  not  even  the  remotest  trace  exists  to  lead  us 
up  to  the  country  where,  the  time  when,  far  less  to  the  man  by 
whom,  it  was  invented  or  discovered.  like  that  equally  wonder- 
working, yet  of  all  contrivances  the  simplest  possible  in  its  material 
form,  the  potter's  wheel,  by  which  centrifugal  force  is  made  under 
the  cunning  direction  of  man  to  do  such  wonderful  things  in  giving 
form  and  shape  to  plastic  clay,  the  history  of  the  crank  is  shrouded 
in  the  most  absolute  mystery.  The  name  "  crank  *'  is  supposed  to 
be  derived  from  the  German  krink,  or  the  Swedish  kringj  a  circle  or 
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roundabout ;  that  of  "  winch  "  from  the  Anglo-Saxon  "  wince,"  a  reel 
upon  which  yarn  was  wound. 

Centripetal  Force. 

Surrounded  as  the  student  is  by  an  infinite  variety  of  machines  in 
which  power  of  one  kind  or  another,  of  which  steam  is  the  principal 
source,  is  employed  to  give  varieties  of  movements  or  of  motion,  the 
ma'st  striking,  and  indeed  the  most  general  of  which  is  circular,  he  is 
apt  to  overlook  the  lessons  which  the  simplest  of  all  machines,  the 
grindstone,  can  teach  him  as  to  circular  motion.  We  have  said  that 
in  all  circular  motion  two  forces  are  continually  at  work  or  in  exist- 
ence— the  centrifugal  and  centripetal — and  these  practically  are  anta- 
gonistic to  each  other,  but  are,  as  we  have  seen,  and  shall  yet,  as 
we  proceed,  more  fully  see,  in  very  virtue  of  this  antagonism,  of  the 
highest  practical  service  to  man.  The  centripetal  or  centre-seeking 
force  is  that  which  gives  the  circular  motion  to  a  body,  or  compels 
it,  so  to  say,  to  go  in  a  curved  direction,  or  be  bent  out  of  the  straight 
line  which  we  have  seen  is  naturally  the  line  of  motion  of  a  body 
acted  upon  by  a  force.  This  centre-seeking,  and,  as  when  the  body 
is  put  in  motion  it  may  be  called,  the  centre-found  force,  is  exerted 
by  different  forces  and  in  several  ways,  the  principal  of  which  will 
be  duly  described  in  the  appropriate  pai-agraphs  hereafter.  The 
simplest  of  all  methods  of  making  a  body  to  move  in  a  curved  line 
or  circular  direction  is  by  the  direct  agency  of  the  hands  acting 
upon  its  oiUer  surface.  This  is  exemplified  in  the  simplest  of  all 
work  of  the  kind — namely,  moving  a  barrel  or  cask  along  the  ground 
by  pressing  the  hands  on  its  surface,  and  forcibly  extending  the 
arms,  or,  as  in  the  case  of  an  empty  barrel,  trundling  it  along  by 
the  aid  of  a  stick.  Analysing  this  very  simple  process,  the  reader 
will  see  how  the  circular  motion — which  is  purely  a  rotatory  or 
revolving  one,  although  to  most  minds  it  is  the  rectilineal  motion 
along  the  ground  that  is  the  striking  featiu^e  of  the  work — is  derived 
from  the  exercise  of  centripetal  force. 

The  term  is  derived  from  two  Latin  words,  centrum,  a  centre,  and 
the  verb  petere,  to  approach,  to  go  near  to,  to  seek;  and  to  the 
reader  interested  in  the  meaning  of  terms  it  is  curious  to  know  that 
the  word  petition  is  derived  from  the  same  Latin  verb ;  and  if  he 
thinks  this  out  he  will  see  its  application  to  the  mechanical  term  now 
under  consideration.  We  have  just  given  a  very  familiar  illustration 
of  centripetal  force  in  the  rolling  of  a  barrel  or  cask  along  the  ground, 
and  one  nearly  as  familiar  in  the  turning  of  a  grindstone.  The 
motion  and  the  centripetal  force  generated  may  be  graphically  shown, 
as  in  fig.  38.   We  assume  the  curved  line  (t  a  to  he  part  of  the  surface 
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of  a  cylinder  or  roller  which  receives  a  motion  of  revolution,  or  to 
use  the  popular  phrase,  turning  itself — derived  from  the  French 
iourner,  to  turn  round,  to  give  a  circular  form  or  motion  to.  The 
arrow  b  represents  the  force  of  the  body  communicated  by  the  arms 
and  hands  to  the  surface  a  a,  in  place  of  this  force  proceeding,  when 
continued  in  the  direction  of  the  arrow  a,  the  solidity  of  the  body 
itself  keeps  the  hands  in  contact  with  its  surface  and  the  force  moves 
or  tends  inwards,  so  to  say,  as  in  the  direction  of  the  arrow  cZ,  and 
is  communicated  to  the  centre  of  inertia  or  centre  of  gravity  e  (see 
the  paragraphs  on  the  *' centre  of  gravity");  and  from  what  has 
been  elsewhere  said,  if  we  move  the  centre  of  inertia  of  any  body, 
we  move  the  whole  of  the  body, — just  as  the  converse  is  true,  that 


Fig.  38. 

if  we  bring  the  centre  of  inertia  to  rest  in  a  body  which  has  had 
motion  we  bring  the  body  itself  to  rest.  And  to  put  the  matter 
very  familiarly,  but  which  to  the  young  student  in  mechanics  will 
be  easily  understood,  we  can  only  reach,  so  to  say,  or  influence  the 
centre  of  inertia  or  the  molecule  or  atom  in  which  that  centre  may 
be  supposed  to  exist  through  the  medium  of  other  molecules  which 
are  connected  with  it  and  with  each  other  by  the  attraction  of 
cohesion  (see  a  succeeding  paragraph  for  this  term),  and  which  termi- 
nates at  what  we  call  the  outside  of  the  solid  body.  This  is  also 
graphically  illustrated  in  ^g.  38.  We  reach  or  influence  the  centre 
of  inertia  or  of  gravity,  e,  of  the  grindstone //,  through  the  medium 
of  the  solid  molecules  of  iron  cohering  together  assuming  the  form 
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of  the  lever  of  the  handle,  crank  or  ^inch  p.  When  this  handle  is 
pushed  forward  by  the  force  of  the  hand,  which  is  naturally  in  the 
direction  of  a  straight  line  (see  a  preceding  paragraph),  as  in  that 
of  the  arrow  g,  as  it  passes  the  vertical  line  e  g,  the  force  applied  to 
the  end  of  lever  c  would  have  a  tendency  to  pull  it  somewhat  in 
the  direction  of  the  arrow/,  or  push  it  in  the  direction  of  the  straight 
line  indicated  by  the  arrow  g ;  but  this  action  of  the  original  force, 
tending  thus  to  separate  the  upper  point  a  of  the  handle  a  from  its 
connection  with  the  central  axis  or  axle  a,  is  prevented  by  the  cohesion 
of  its  molecules,  which  gives  rigidity  and  strength  to  the  handle  p. 


€U 


Fig.  39. 

On  passing  the  vertical  line  e  p  g,  the  force  applied  tends  inwards, 
being,  so  to  say,  dragged  in  towards  the  centre  or  through  the 
medium  of  the  handle  p,  and  the  force  thus  tends  to  the  centre  c, 
as  in  the  direction  of  the  arrow  h.  On  (ho  hand  of  the  grindstone 
driver  or  turner  and  the  end  of  the  handle  p  arriving  at  the  point 
q,  the  natural  tendency  of  the  force  is  to  produce  motion  in  a  straight 
line,  as  in  the  direction  of  the  arrow  5',  or  line  ij.  But  the  same 
conditions  exist  at  this  point  as  between  g  and  t,  and  the  force  is 
compelled,  so  to  say,  to  "seek"  or  "  move  toward  "  the  centre,  or  as 
in  the  direction  of  the  arrow  i.     The  same  is  repeated  when  the 
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handle  is  brought  round  to  the  points  k  and  w,  where  the  natural 
tendency  of  the  motion  to  go  in  straight  lines,  as  indicated  by  the 
arrows,  is  changed  into  the  curved  directions  at  m  and  o,  seeking  the 
centre  e. 

The  grindstone  may  be  put  in  circular  motion  by  other  means 
than  by  the  simple  and  well-known  cranked  lever.  Let  us  suppose 
a,  in  diagram  fig.  39,  to  be  the  centre  of  the  axis  or  axle  of  the 
grindstone,  which  is  embraced  by  a  part  having  four  levers,  as  6,  c,  d,  6, 
all  of  equal  length.  We  can  further  suppose  that  the  moving  force, 
as  that  represented  by  d  in  fig.  38,  is  applied  in  succession  :  first  to 
h,  carrying  this  round  from  6,  ^g,  39,  in  the  direction  of  the  arrow y"; 
it  is  next  applied  at  the  end  of  arm  c,  carrying  it  round  to  point  d, 
in  the  direction  of  the  arrow  g,  and  so  on ;  when  the  last  application 
of  the  force,  at  the  point  e,  will  bring  it  round  in  the  direction  of 
the  arrow  i  to  the  point  6,  at  which  the  force  was  first  applied.  The 
point  h  is  thus  said  in  technical  language  to  "  revolve  "  round  the 
centre  a;  and  the  whole  of  its  circular  path,  represented  by  the 
arrows y,  g,  h  and  ^,  is  called  a  "revolution."  The  term  "revolved" 
is  derived  from  two  njatin  words,  re,  again  or  back,  and  volvere,  to 
roll  or  turn  round ;  and  revolution  is  derived  directly  from  the  Latin 
revolutio,  meaning  a  complete  or  finished  turn,  starting  from  one 
point  and  rolling  round  till  the  ori^nal  point  is  "come  back  to" 
again.  We  suppose  the  levers  6,  c,  d,  e,  in  Ag,  39,  to  be  much  broader 
than  thick ;  the  thickness  being  represented  B,t  b  c  d  e,  the  breadth 
Sitjjf  in  vertical  section  as  on  the  line  c  e.  If  we  joined  the  termi- 
nating or  exterior  points  of  any  two  of  the  arms,  as  b  and  c,  say  by 
a  solid  bar  represented  by  the  dotted  lines,/,  it  is  obvious  that  any 
force  applied  to  a  point,  as  k,  would  be  communicated  or  transferred 
to  the  point  I,  and  this  again  through  the  intervention  of  another 
solid  bar  could  be  transferred  to  the  point  m ;  and  the  whole  would 
be,  so  to  say,  balanced  by  completing  the  parts  as  between  points  m 
and  w,  and  n  and  k.  And  if  all  the  points  were  connected  with  a 
centre  point  o,  common  to  them  all,  we  should  thus  arrive  at  the 
part  known  as  a  square  "  reel,"  a  contrivance  used  much  in  certain 
departments  of  textile  manufactures.  If  there  were  six  points  we 
should  have  a  "  hexagonal  reel,"  as  Sit  p  q.  In  place  of  connecting 
the  points  by  straight  bars,  as  at  k  I,  we  might  connect  them  with  a 
curved  part,  as  between  points  r  and  8 ;  and  if  this  were  done  at  «all 
the  points,  as  between  bfC,d,&iid  e,  we  should  arrive  at  the  mechanical 
contrivance  known  as  the  "  pulley,"  at  t  u.  This  would  be  made  to 
revolve  or  turn  on  its  axis  by  the  hands  pressing  on  its  surface  in 
the  same  way  as  we  would  move  a  barrel  along  the  ground,  and  with 
the  result  and  in  the  way  we  have  already  described,    In  practice 
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the  moving  force  is  applied  to  or  communicated  to  the  pulley  by 
means  of  a  "  belt "  or  "  rope,"  the  principle  of  which  is  illustrated 
in  fig.  39,  at  t  u  V  w  X  1/.  Suppose  a  cord  were  attached  to  the  point 
t  of  the  surface  of  pulley,  and  this  were  led  over  in  the  direction  of 
the  point  Uy  and  then  forward  horizontally  in  the  direction  of  the 
point  to.  If  the  force  were  then  applied  to  the  rope  or  cord  at  w, 
the  pulley  being  free  to  move  on  its  centre  v,  the  point  t  would  be 
dragged  up  in  the  direction  of  the  straight  arrow;  but  for  the  reasons 
already  stated,  it  would  seek  the  centre  v,  and  therefore  pass  from 
point  ttouin  the  direction  of  the  curved  arrow.  Here  the  pulley 
would  stop,  as  the  force  acting  only  in  the  direction  of  the  ai-row  w 
could  only  tend  to  drag  the  point  u  horizon^ially  also.  But  in  place 
of  stopping  short  at  point  t,  we  can  suppose  the  cord  to  be  continued 
round  the  under  side  of  pulley  to  the  point  x,  and  then  continued 
forward  as  shown;  the  part  of  the  cord  between  points  t  and  x  would 
pull  up  the  point  x  to  t,  while  t  would  be  pulling  forward  by  the 
force  at  1(7  to  the  point  u.  The  pulling  force  at  w  being  supposed 
to  be  continuous,  the '  revolution  of  the  pulley  t  w  x  round  its  centre 
V  would  also  be  continuous.  When  studying  the  practical  points 
connected  with  circular  motion  and  its  contrivances,  the  young  reader 
will  see  how  the  motion  of  the  rope  or  belt  in  the  direction  of  tho 
arrow  w  is  kept  up  continuously;  meanwhile  we  have  seen  how 
centripetal  force  is  availed  of  and  comes  into  play  in  our  mechanical 
contrivances. 

Xotion  Produced  by  more  than  One  Force. 

We  have  hitherto  considered  motion  as  produced  by  one  force  only, 
and  that  acting  in  one  direction.  If  there  be  more  forces  than  one, 
but  all  act  in  the  same  line  of  direction,  the  extent  or  effect  of  those 
forces  in  producing  motion  will  be  equal  to  the  sum  of  these  forces. 
If  they  act  in  opposite  directions  the  two  forces  will  tend  to  destroy 
each  other,  and  if  equal  in  amount  will  neutralise  each  other,  so  that 
the  body  will  remain  at  rest,  no  motion  being  produced;  and  if 
unequal,  the  stronger  force  will  influence  the  weaker,  and  not  only 
destroy  the  force  of  this,  but  impart  what  may  be  called  the  surplus 
of  its  forces  to  it  so  that  the  weaker  will  be  compelled  to  go  back, 
as  it  were,  and  follow  the  direction  of  the  stronger  force.  Thus,  we 
can  suppose  a  steamer  capable  of  going  along  under  steam  at  the  rate 
of  ten  miles  an  hour,  but  to  be  under  the  influence  of  a  current 
which  we  may  suppose  to  run  also  at  the  same  rate  of  ten  miles.  If 
the  direction  of  the  current  exerting  a  force  equivalent  to  a  motion 
of  ten  miles  an  hour  be  the  same  as  the  direction  in  which  the 
vessel  is  working  under  steam  the  force  of  which  is  equivalent  to 
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an  equal  rate,  the  speed  of  the  vessel  would  be  twenty  miles  an  hour. 
If  the  vessel  were  steaming  against  the  current  she  would  make  no 
headway  at  all,  but  would  simply  remain  stationary,  the  forces  being 
equal ;  but  if  she  ceased  steaming  she  would  be  carried  back  by  the 

Fig.  40. 
current  at  the  rate  of  ten  miles  an  hour.     Two  balls,  one  of  which, 
as  a,  fig.  40,  was  driven  in  the  direction  of  the  arrow  b,  with  a 
certain  force  calculated  to  carry  it  to  the  point  c,  meeting  another 
ball  c,  driven  by  a  force  d,  equal  to  force  b,  would  meet  at  a  point  e, 
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Fig.  41. 
central  to  both,  and  would  stop  there,  motion  being,  so  to  say, 
destroyed,  the  two  equal  forces,  b  and  d,  having  neutralised  each 
other.    We  have  seen  that  motion  is  always  in  straight  lines ;  the 


j. 


Fig.  42. 
balls  a  and  b,  fig.  41,  acted  upon  by  forces  c  and  d,  will  proceed  in 
the  straight  lines  e  and/,  coincident  with  the  lines  of  forces  c  and  d. 
The  forces  we  have  named  act  either  in  the  same  direction  as  those 
just  allude  1  to,  or  in  opposite  directions,  as  at  b  and  d,  fig.  40,  and 
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may  be  either  single  forces,  or  each  the  sum  of  several  forces.  But 
a  body  may  be  placed  under  the  influence  of  two  forces,  one  of  which 
acts  in  the  direction  of  the  arrow  a,  fig.  42,  and  the  other  in  that  of 
the  arrow  b.  In  this  case  we  have  two  forces  acting  in  directions 
quite  different  from  each  other — ^so  much  so  that  they  diverge  from 
a  point  c,  which  is  common  to  both,  at  right  angles.  We  shall  see 
presently  that  the  angle  may  be  other  than  a  right  angle,  and  how 
the  difference  of  the  angle  made  by  the  two  lines  a  and  h  influence 
the  direction  of  motion.  The  young  reader,  in  thinking  over  the 
condition  of  a  ball,  as  c^  in  same  figure,  acted  upon  by  a  force  repre- 
sented by  the  arrow  6,  and  by  another  force  represented  by  the  arrow 
f,  but  in  another  direction  might,  and  at  first  probably  would,  suppose 
that  the  ball,  under  the  influence  of  the  two  forces,  would,  to  use 
the  popular  phrase,  be  bent  round,  as  it  were,  somehow  in  a  direction 
between  the  two  directions  of  forces  e  and^)  thus  going  in  a  curve 
more  or  less  pronounced,  as  at  ^  or  h.  But  we  have  seen  that  motion 
is  always,  and  naturally,  taken  in  a  straight  line ;  the  direction  of 
the  new  line  of  motion  will  therefore  be  in  a  straight  line,  oblique, 
or  at  an  angle  to  the  lines  e  and/*.  This  course,  somewhere  between 
the  two  lines  of  forces,  which  is  the  result  of  the  action  of  these  on 
the  same  body,  as  c?,  depends  for  its  direction  on  the  obliquity  of  the 
angle,  a;a  edj,  e  d  i,  or  j  df,  j  d  e,  upon  the  relation  which  the  two 
forces  represented  by  the  arrows  e  and /have  to  each  other.  The 
various  points  connected  with  the  action  of  bodies  under  the  influence 
of  two  forces,  which  come  under  what  is  called  the  composition  and 
the  resolution  of  forces,  will  be  found  described  and  illustrated  in 
the  appropriate  paragraphs  in  the  early  chapters  of  our  handbook 
entitled  the  ''  Boat  and  Ship  Builder,^'  to  which  the  reader  is  hereby 
referred.  Those  points  are  of  great  importance  to  the  mechanic,  as 
being  concerned  in  many  of  his  operations,  and  should  be  carefully 
studied  by  him.  In  the  paper  to  which  reference  is  here  made,  the 
reader  will  find  descriptions  of  the  movement  of  ships  under  the 
influence  of  the  wind,  and  of  the  varying  position  of  these  to  the 
requirements  of  the  navigator  in  moving  his  vessel  in  .certain  direc- 
tions, and  the  description  also  of  that  curious  mechanical  contrivance 
known  as  the  helm,  all  of  which  come  under  the  head  of  the  compo- 
sition and  resolution  of  forces. 

MovementB  in  Circular  obtained  from  the  Motion  of  Fluids  in 

Straight  Directions. 

The  reader  will  see  how  fluids,  as  air  or  water,  impinging  upon 
or  flowing  against  flat  surfaces  placed  in  opposition,  either  directly 
or  indirectly — that  is,  at  right  angles  or  obliquely — tend  to  press  or 
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"  sliove,"  to  use  the  popular  term,  the  body  before  it,  or  to  turn  it 
aside  according  to  its  position.  By  changing  the  condition  of  the 
body  exposed  to  the  impinging  pressure  of  a  fluid,  we  can  change  the 
motion  of  that  body,  which  under  normal  circumstances  would  be  in 
a  straight  line,  into  a  motion  of  revolution;  and  hence,  from  the 
power  or  pressure  of  wind  or  water,  which  is  always  exerted  or 
always  acts  in  straight  lines,  obtain  circular  motion,  which  gives  us 
a  wide  range  of  motive-power  mechanism.  A  simple  illustration  of 
this  position  now  named  is  given  in  ^g,  43.  Let  a  b  represent  a 
board  acted  upon  by  a  fluid,  as  a  body  of  water  in  the  direction  of 
arrow  c :  if  loose  or  free  to  move,  and  if  the  pressure  or  velocity  of 
c  were  great  enough,  the  body  a  b  would  be  pressed  forward  in  the 
direction  of  the  dotted  horizontal  lines,  or  of  arrow  d.  But  if  in 
place  of  being  free  to  move  bodily  away  in  the  direction  of  arrow 
d,  a  b  were  swung  or  suspended  from  the  end,  as  to  a  fixed  centre 
a,  the  pressure  of  the  fluid  on  the  side  c  would  still  have  the  tendency 
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to  move  the  board  a  b ;  but  as  this  is  fixed  at  the  point  a,  yet  so 
that  while  fixed  it  permits  the  board  to  swing  to  and  fro  or  turn 
upon  the  point,  as  an  axle ;  the  end  b  only  of  the  board  a  6  is  moved, 
and  being  tied,  so  to  say,  to  the  centre  a,  it  moves  round  in  a  circle, 
as  shown  by  the  dotted  curve  b  g.  If  we  suppose  that  in  place  of 
the  board  a  b  terminating  at  a,  it  is  continued  on  the  other  side  of  a, 
as  at  e,  as  the  end  b  rises  towards  d  in  the  curve  b  g,  the  end  e 
descends  in  the  opposite  direction,  as  at  ef.  As  5  rises  towards  d, 
a  b  assumes  the  oblique  position  as  at  a  ^,  at  which  the  obliquity  is 
such  that  the  water  acts  no  longer  upon  it  as  a  lifting  power,  and  it 
therefore  remains  as  in  position  g,  and  as  a  e  balances,  or  is  supposed 
to  balance,  a  by  a  e  assumes  the  position  a  f,  corresponding  to  a  g. 
Here  we  have  got  a  circular  motion  through  a  certain  length  of  path 
measured  by  the  distances  b  g,  ef.  But  if  we  suppose  that  to  the 
central  pivot  or  shaft  other  boards  are  fixed  similar  to  a  ft,  radiating 
from  the  same  centre,  and  so  that  as  the  fluid  ceases  to  act  upon 
one  board,  as  at  a  ^,  another  comes  into  position  on  the  side  c^  as  at 
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A,  we  by  increasing  the  number  of  boards  or  arms,  as  a  b,  shall  bring 
up  to  the  action  of  duid  o  a  succession  of  surfaces  on  which  lifting 
or  turning  pressure  is  exerted,  all  in  virtua  of  centripetal  force, 
acting  upon  the  centre  a ;  and  if  we  suppose  this  to  be  a  shaft  we 
have  in  its  motion  the  rectilineal  motion  of  the  fluid  in  direction  of 
arrow  c  changed  into  a  continuous  circular  one,  and  which  can  be 
availed  of  in  one  or  other  of  the  great  variety  of  mechanical  move- 
ments met  with  in  the  working  of  machines  in  the  doing  of  industrial 
work.  The  arrangement  here  illustrated  in  fig.  44  the  student  will 
recognise  as  that  of  the  form  of  water-wheel  known  as  the  "  undershot." 
Here  the  boards  a,  a,  a,  corres^nding  to  a  6  in  diagram  fig.  43,  and 
which  are  technically  termed  "floats,"  are  fixed  vertically  to  the 
frame  or  shroud  b  b ;  and  their  movement  due  to  the  flowing  water 
is  transferred  to  the  central  shaft  c  by  the  arms.  As  the  "  floats  " 
a,  a,  assume  different  angles  in  relation  to  the  line  of  level  of  water, 


Fig.  44. 

which  is  that  of  the  direction  of  its  force  or  pressure — and  the  conse- 
quence is  that  the  water  acts  obliquely  on  them,  as  shown  by  the 
arrows  aty*,  thus  causing  a  certain  loss  of  pressure  or  force  of  the 
flowing  water  due  to  its  velocity,  and  which  is  only  fully  exerted 
when  the  water  acts  directly  on  the  surface  of  the  float  to  which  it 
hangs  vertically,  as  the  floats  rise  towards  side  ^,  they  have  a  tendency 
to  lift  the  water  up,  thus  causing  another  loss  of  power.  In  the  volume 
in  this  series  entitled  "  The  Boat  and  Ship  Builder  "  the  principle  of 
feathering  the  floats  of  a  paddle-wheel  will  be  found  explained.  The 
way  this  acts  in  the  case  of  an  undershot  wheel  is  shown  at  a  a  in 
fig.  45,  the  water  striking  against  the  floats  over  the  whole  of  their 
surface,  and  not  obliquely,  while  they  enter  and  leave  the  water  at 
the  line  of  least  resistance.  The  velocity  or  force  or  pressure — we 
have  seen  that  those  are  convertible  terms — of  running  or  flowing 
water,  which,  looked  at  from  another  point  of  view,  is  the  fluid 
gravitating  or  failing  from  a  high  to  a  low  level,  is  sometimes  made 

15 
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to  act  upon  a  wheel  placed  honzontallj — that  is,  the  shaft  or  axis  is 
vertical  in  place  of  horizontal,  as  in  £g.  44.  The  water  is  led  in 
such  a  way  that  it  strikes  the  floats  at  one  side  of  the  wheel.  If 
the  floats  radiate  to  the  centre,  as  at  b  in  flg.  45,  the  water  strikes 
them  obliquely.  Better  results  are  obtained  in  the  working  of  such 
wheels  when  the  floats,  are  curved,  as  at  c,  d,  and  e.  Those  curved 
parts  form  practically  a  series  of  buckets,  as  they  are  inclosed  between 
shrouds  or  plates,  both  at  the  under  and  upper  sides  of  the  wheel. 
It  is  upon  the  form  of  the  buckets,  or  the  inclined,  surfaces  they 
present  to  the  water  impinging  upon  them,  that  the  efliciency  of  a 
water-wheel  really  depends.  A  good  water-wheel  should  give  at 
least  75  per  cent,  of  the  power  or  force  due  to  the  velocity  or  pressure 
of  the  water ;  and  if  the  effective  power  of  the  wheel  falls  below  this, 


Fig.  45. 

the  form  of  the  buckets  or  the  curved  surfaces  on  which  the  water 
impinges  should  be  altered,  until  the  best  results  are  obtained. 

Some  FointB  ooimected  with  the  Obtaining  of  Motive  Power  from  a 

Flowing  Stream. 

There  are  some  points  connected  with  the  method  of  obtaining 
power  from  a  flowing  stream,  by  the  contrivance  illustrated  in  figs.  44 
and  45,  which  are  of  interest  to  the  student  of  mechanics.  The 
power  obtained  from  the  pressure  due  to  the  velocity  of  the  stream 
going  in  the  direction  of  the  arrow  a,  fig.  42,  is  in  reality  due  to  the 
resistance  oflbred  by  the  float  a  to  the  pressure  tending  to  turn  it  in 
the  direction  of  arrow  t,  for  if  there  were  no  resisting  power  or 
surface  at  h  there  would  be  no  communication  of  the  pressure  of  the 
water  at  a  to  the  central  shaft  c  conveyed  through  the  medium  of 
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the  arm  d.  It  follows  that  there  must  be  a  certain  relation  of  the 
speed  of  the  floats  in  the  direction  of  arrow  i  to  that  of  the  velocity 
of  the  stream  in  the  direction  of  the  arrow  g,  and  the  student  should 
here  think  out,  in  view  of  this  relation,  what  would  be  the  result  if 
the  float  h  ran  away,  so  to  say,  from  the  stream  at  the  same  rate  of 
speed  as  that  possessed  by  the  stream  represented  by  the  arrow  g. 
The  point  here  involved  is  of  such  mechanical  importance,  that  it  is 
essential  that  the  student  should  have  clear  conceptions  about  it. 
He  will  remember  our  illustration,  in  a  preceding  paragraph,  of  the 
pilot  or  shunting  engine  pushing  a  train  before  it ;  and  the  relation 
of  an  engine  which  was  going  forward  at  precisely  the  same  speed 
as  the  train  in  front  of  it  gives  an  illustration  of  the  position  of 
matters  where  the  speed  of  a  float  is  the  same  as  the  speed  of  the 
stream.     To  put  the  point  in  familiar  language,  the  train  in  front 


Fig.  46. 

would  not,  under  the  conditions  we  have  just  named,  give  time  for 
the  pushing  force  of  the  engine  behind  it  to  act, — just  as  a  man 
could  not  give  a  blow  to  another  man  who  was  running  in  front  of 
him  at  the  same  or  a  greater  velocity.  The  practi(»I  deduction, 
then,  in  the  case  of  deriving  power  from  flowing  water  by  the 
mechanical  contrivance  of  the  undershot  wheel,  as  in  Hg.  44,  is  that 
the  float  h  should  have  a  velocity  in  the  direction  of  the  arrow  *  so 
much  less  than  that  of  the  stream  represented  by  arrow  g,  as  that 
time,  so  to  say,  will  be  given  for  the  float  h  to  receive  the  full  eflective 
pressure,  or  blow,  of  the  water.  In  other  words,  the  circumferential 
or  circular  velocity  of  the  outer  points  of  the  wheel  shall  be  in  a 
certain  proportion  to  the  rectilineal  flow  oj*  velocity  of  the  stream. 
The  proportion  found  to  be  best  is  when  the  velocity  of  the  stream, 
as  gy  is  two-thirds  in  excess  of  that  of  the  float  A ;  or  the  float  h,  or 
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(what  is  the  same  thing)  the  velocity  of  the  wheel  at  the  otiter  edge 
or  circumference,  is  to  be  one-third  of  the  velocity  of  the  stream. 
The  power  of  the  wheel  depends  upon  the  ratio  which  the  surface 
of  the  float  h  bears  to  the  velocity  or  pressure  of  the  water  flowing 
in  the  direction  of  arrow  g.  The  student  might  at  flrst  sight  suppose 
that  in  calculating  the  power  more  than  one  float  would  have  to 
be  taken  into  account;  but  as  the  other  floats  are  all  placed  more 
or  less  under  oblique  action,  it  is  the  rule  in  practice  to  describe 
them  as  effkitive  factors  in  the  calculation,  for  it  will  be  seen  on 
consideration  that  if  there  be  in  the  water  present  between  any  two 
floats,  as  j  and  k  in  flg.  44,  the  water,  while  it  presses  the  one,  as  I, 
forward,  as  by  the  arrow  k,  will,  on  the  principle  of  action  and 
reaction  being  always  equal,  press  or  force  back  the  float  j  in  the 
opposite  direction,  so  that  the  forward  or  eflective  pressure  will  be 
nU,  the  two  forces  being  balanced.  There  will,  in  some  positions  of 
the  floats,  other  than  that  at  A,  be  a  slight  excess  of  the  forward 
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over  that  of  the  backward  pressure,  but  practically  it  is  deemed  best 
to  consider  only  one  of  the  floats^that  in  the  position  at  h — as 
effective. 

ObUque  Action  of  a  Fluid,  as  Air,  on  a  Surface. — ^The  Windmill. 

A  well-known  exemplification  of  the  power  obtained  by  oblique 
action  of  a  fluid  on  a  surface  is  the  **  windmill."  The  principle  of 
this  source  of  motive  power  is  exemplified  in  several  mechanical 
appliances :  we  may  illustrate  it  in  a,  fig.  46.  In  this  let  a  represent 
a  shaft  or  axle  lying  horizontally  and  capable  of  revolving  in  bear- 
ings. To  this  shaft  suppose  a  flat  arm  or  branch  h  secured.  If  this 
was  so  placed  in  relation  to  the  shaft  as  to  be  at  right  angles  to  its 
line  of  length,  as  at  c,  the  wind  blowing  in  the  direction  of  the  arrow 
as  at  dy  would  simply  tend  to  force  the  shaft  end-on  against  its 
bearings,  or  break  off  the  vertical  arm,  as  6  5.  If  this  was  placed 
as  at  e^  coincident  with  the  centre  line  of  shaft,  the  wind  blowing  as 
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at/  would  simply  pass  by  the  arm  on  either  side,  acting  or  pressing 
only  on  its  thin  edge.  But  if  placed  obliquely,  as  at  g^  with  the 
edge  nearest  the  direction  in  which  the  wind  blows  upon  it,  as  at 
arrow  h,  the  position  would  be  as  at  a  h,  in  which  the  edge  of  5  as 
that  marked  jj,  would  be  nearer  the  wind,  blowing  as  in  direction 
of  arrow  7i,  than  would  the  edge  i  i.  The  result  of  the  impinging 
or  striking  of  the  wind  in  the  direction  of  arrow  k  would  be  that 
in  striking  the  surface  of  the  arm  b  perpendicularly,  a  movement 
tending  to  bring  forward  the  edge  i  i,  or  g  in  plan ;  but  this  being 
rigidly  connected  with  the  centre  or  shaft  a,  it  would  revolve  under 
the  pressure  put  upon  the  surface  of  the  sail,  and  cause  it  to  revolve, 
its  upper  or  outer  edge  describing  a  circle,  as  at  arrow  I,  round  the 
centre  of  shaft  a.  This  is  the  principle  of  the  windmill.  But  to 
keep  up  the  continuity  of  pressure  thus  communicated  to  the  central 
shaft  a,  this  is  provided  with  four  arms,  as  at  a,  6,  c,  d,  fig.  47. 
These  are  set  on  a  shaft  e,  and  are  kept  always  facing  the  wind, 


Fig.  48. 

which  we  presume  to  be  blowing  in  the  direction  of  the  arrow  a, 
fig.  48.  The  arms  are  not  hung  vertically,  but  are,  as  shown  in 
fig.  48,  placed  obliquely  to  the  vertical  axis  of  the  mill  building  or 
conical  tower^  as  at  b,  c.  The  oblique  shaft  d,  which  carries  the 
arms  b,  c,  has  its  step  or  bearing  on  the  floor  of  the  cap  i  of  the 
tower  or  mill,  and  this  carries  also  the  upper  bearing  of  a  vertical 
shaft  g,  which  descends  through  the  centre  of  the  building  and  takes 
the  power  to  the  flour  mill  or  other  machinery  situated  in  the  lower 
apartment.  This  shaft  g  receives  motion  from  the  sail  or  arm  shaft 
d,  through  bevel  wheel  gearing  at^I 

Mechanical  Points  connected  with  the  Windmill. 

As  it  is  essential  that  the  sails  of  the  arms  b,  c,  should  always  be 

kept  facing  the  wind  blowing  as  at  arrow  a,  means  have  to  be  provided 

to  shift  or  move  round  the  arms  b,  c,  according  as  the  direction  of 

th©  wind  varies,    In  pld-faghioned  and  small  windmills  a  very  direct 
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and  simple  mechanism  was  adapted  to  this  work,  which  may  be  yet 
seen  in  certain  parts  of  this  country,  and  more  numerously  on  the 
Continent.  The  part  or  cap  of  the  mill  carrying  the  shafting,  and 
in  some  small  mills  the  whole  structure,  is  supported  on  rollers,  or 
works  in  a  groove  in  the  base,  and  a  bent  lever,  as  a  a,  ^g,  49, 
secured  to  the  mill  structure  6,  is  brought  down  and  terminated  near 
the  surface  of  the  ground  at  b  c.  In  small  mills  mere  bodily  strength 
applied  to  end  c  of  the  lever  a  a  brings  or  turns  round  the  mill 
structure  on  its  cap,  so  as  to  make  the  arms,  as  6,  c,  fig.  48,  face  the 
wind  a.  But  in  larger  mills,  or  to  provide  for  the  extra  power 
required  in  blowy  weather  for  turning  the  shafting,  small  capstans 
or  windlasses  are  placed  at  certain  points  on  the  ground,  so  that  a 
rope  attached  to  end  c  of  lever  a  a  brings  the  end  c  round  to  the 
point  desired.  Another  method  for  turning  the  arms  so  that  the 
sails  shall  always  be  opposed  to  the  wind  is  named  here,  as  it  further 
illustrates  the  action  of  a  fluid  on  oblique  surfaces.  The  cap  of  the 
mill  which  carries  the  shafting,  as  shown  in  ^g»  50,  is  provided  with 
an  outrigger,  a,  carrying  at  its  extremity  a  flat  "  vane,"  6,  the  blade 
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or  broadest  part  of  which  stands  vertically  on  the  shaft,  as  at  c. 
When  the  wind  is  blowing  fair  on  the  arms  d,  d,  of  the  windmill, 
corresponding  to  6  c  in  fig.  48,  as  at  e,  it  passes  over  and  past  the 
sides  of  the  blade  of  the  vane  c,  as  shown  by  the  arrows;  and  this, 
presenting  little  or  no  surface,  only  the  small  and  thin  end  section, 
and  any  tendency  to  force  it  from  the  right  hand  to  the  left  being 
counteracted  by  a  tendency  of  precisely  the  same  force  on  the  other 
side  tending  to  press  the  vane  in  the  opposite  direction,  the  vane  is 
balanced,  so  to  say,  and  no  motion  laterally  or  sideways  is  given  to 
it,  so  that  the  position  of  the  arms  d,  d,  to  the  direction  of  the  wind 
blowing  right  face-on  to  the  sails  from  e  remains  unchanged.  But 
the  moment  the  direction  of  the  wind  changes,  it  no  longer  presses 
equally  on  each  side  of  the  vane  6,  as  at  c,  but  supposing  it  to  shift 
so  as  to  veer  or  come  round  and  blow  in  the  direction  of  arrowy, 
then  striking  upon  the  vane,  as  at  g,  the  oblique  action  on  its  surface 
of  the  wind,  A,  tends  to  force  the  edge  g  outwards,  but  being  rigidly 
connected  with  the  cap,  it  takes  a  motion  of  circular  revolution,  and 
there  is  no  pressure  on  the  side  i  of  the  vane  to  oppose  this,  save 
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the  normal  pressure  of  the  air,  which  has  always  a  greater  or  less 
tendency  to  resist  flat-surfaced  bodies  passing  through  it.  We  shall 
see  presently  how  this  very  tendency*  is  made  available  to  regulate 
the  motion  of  bodies  passing  swiftly  through  it.  Whatever,  then, 
be  the  direction  in  which  the  wind  is  blowing,  the  vane  b  is  always 
on  the  side  opposite  to  that  direction,  and  the  whole  being  rigidly 
connected  in  the  normal  position,  as  shown  at  e  d  c,  flg.  50,  the  three 
elements  represented  by  the  vane  c,  the  arms  c?,  d,  and  wind  e,  are 
maintained  uniformly  in  the  same  relation  to  each  other;  this  is 
shown  by  the  dotted  lines.  We  have  met  with  young  mechanics 
who  did  not  understand  how  a  vane,  as  a,  always  keeps  to  the  side 
opposite  to  that  at  which  the  wind  is  blowing,  which  in  nautical 


Fig.  60. 

phrase  is  the  "lee"  or  "leeward"  side,  as  the  side  on  which  the 
wind  is  blowing  is  called  the  "  windward  "  side.  The  above  explana- 
tion will  show  such  that  this  tendency  of  a  vane  to  keep  always  in 
one  direction  is  one  dependent  upon  the  principle  of  direct  and 
oblique  forces,  of  equal  and  opposed  and  of  unequal  and  unopposed 
forces. 

But  as  a  vane  must  always  have  a  surface  large  enough  to  give 
a  power  to  carry  round  the  weight  of  the  cap,  arms,  and  shafting,  it 
will  in  some  cases  get  to  be  of  such  large  dimensions  as  to  be  not 
merely  unsightly,  but  not  available  for  use.  Another  method  is  there- 
fore used  in  windmill  mechanism  to  keep  the  arms  always  facing  the 
wind,  and  is  worthy  of  notice  here  on  more  accounts  than  one,  as  it 


232   THE  TECHNICAL   STUDENT'S   INTRODUCTION   TO   MECHANICS. 

illustrates  not  merely  the  principle  of  fluid  action  on  oblique  surfaces 
we  are  now  considering,  but  an  important  principle  in  mechanics 
which  has  yet  to  receive  further  notice  in  this  section.  In  this 
method  of  adjusting  the  position  of  the  arms  b,  c,  fig.  48,  to  the  wind 
in  direction  of  arrow  a,  the  cap,  as  i,  is  as  before  movable,  being 
supported  on  and  running  freely  upon  metal  balls  placed  in  a  groove 
on  the  top  ledge  of  the  mill  structure  or  tower.  A  circular  rack  is 
secured  to  the  lower  part  of  cap,  immediately  above  the  roller  groove. 
With  the  teeth  of  this  a  small  pinion  engages ;  the  shaft  of  pinion 
receives  motion  by  a  train  of  bevel-wheel  gearing  from  the  shaft, 
running  at  right  angles  to  shaft  d  of  the  sail  arms  b,  c,  of  the  small 
circular  vane  j  carried  on  the  end  of  an  outrigger  or  projecting 
frame  k.  The  vane  J  is  in  fact  a  small  windmill,  with  arms  or  sails 
placed  obliquely  to  the  central  shaft,  as  in  diagram,  fig.  47.  But 
the  arms,  being  small  in  surface,  are  made  solid  throughout,  and  the 
arms  or  sails  being  once  and  permanently  fixed  to  the  shaft,  remain 
always  at  the  same  angle  of  obliquity.  The  relation  of  this  small 
windmill^*,  in  ^g,  48,  to  the  sails  b,  c,  and  wind  as  at  a,  is  precisely 
the  same  as  that  of  the  vane  b  in  fig.  50  to  the  sails  d,  d ;  for  when 
the  wind  is  blowing  directly  on  the  sails,  as  at  a,  the  wind  presses 
equally  on  both  sides  of  the  oblique  arms  or  sails  of  the  cii'cular  vane 
j,  so  that,  the  pressure  being  balanced,  no  change  of  position  is 
effected:  this  only  takes  place  when  the  direction  of  the  wind  e 
changes,  as  at/,  fig.  50. 

The  large  arms  or  sails  of  the  windmill,  as  in  fig.  47,  are  seen  to 
be  much  wider  at  the  outer  ends,  as  a  &,  c  c2,  than  at  the  inner, 
where  they  meet  the  central  shaft  e:  a  good  proportion  for  the 
width  of  outer  end,  as  a,  is  one-fourth  of  the  diameter  b  d.  The 
sail  stops  short  of  the  centre,  a  distance  of  about  one-twelfth  of  the 
diameter,  as  in  b  d,  fig.  47,  and  as  shown  in  fig.  61,  at  a.  The 
surface  of  the  sail-covered  part  of  the  arm  is  found  to  be  most  effective 
when  arranged  in  relation  to  the  centre  ab  oi  the  arm  in  &g,  51, 
taking  a  6  as  the  radius,  when  ft  c  is  one-third  of  the  radius,  b  d 
one-sixth,  the  distance  at  a,  where  the  sail  stops  short,  being  as 
stated  above,  which  is  equal  to  one-sixth  of  a  6.  The  sails  are  set, 
as  we  have  shown  at  g  in  fig.  46,  oblique  to  the  axle  or  central 
shaft  which  carries  them,  so  that  the  force  of  the  wind  is  imparted 
in  two  directions — one  in  the  length  of  the  axle,  tending  to  move  it 
end- on  in  the  direction  of  the  arrow  h  in  fig.  44,  the  other  in  the 
direction  from  the  axis  a  to  the  end  of  sail  ij,  the  two  resulting  in 
a  motion  of  revolution  of  the  sail  round  the  central  shaft  or  axis  a. 
If  the  sail  was  set,  as  in  fig.  47,  as  various  sections — as,  for  example, 
at  e  and  /—this  would  give  vaiious  breadths  of  sail  surface  to  b© 
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acted  upon  by  the  wind.  The  same  is  found  in  the  sail  as  ordinarily 
set,  as  in  fig.  51,  at  lines  e  and  f.  The  angle  of  obliquity,  then^ 
which  would  suit  the  extent  of  sail  surface  at  section  or  breadth  e 
would  obviously  not  suit  the  surface  at  breadth  f.  The  wind  will 
take  a  longer  time,  so  to  say,  to  travel  over  the  broad  surface  at  e 
than  it  will  at/;  and  as  the  sail  approaches  the  central  shaft  a,  the 
less  will  be  the  effective  force  of  the  wind  in  turning  it.  And  near 
the  shaft  it  becomes  so  little  powerful  that  the  sail,  as  we  have  seen, 
stops  short  of  the  centre  by  the  space  a.  To  make  up  for  this 
difference  in  the  effective  force  of  the  wind  at  different  parts  of  the 
sail  surface,  the  angle  of  obliquity  of  the  surface  at  different  points 
should  bear  a  certain  proportion  to  the  width  at  that  part ;  hence 
the  angle  of  obliquity  should  be  greater  at  the  narrow  end,  as  towards 
a,  and  gradually  decrease  or  flatten  as  it  approaches  the  end  c  h  d. 
This  is  shown  by  the  dark  lines  in  fig.  51.  The  celebrated  engineer 
Smeaton,  who  investigated  closely  the  working  conditions  of  wind- 
mills^ estimated  the  varying  angles  as  follows :  Dividing  the  radius 
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of  the  arm  into  parts  of  five  feefc,  he  found  the  best  angle  for  the 
breadth  of  the  sail  at  the  first  point — five  feet — from  the  centre  to 
be  18°,  at  the  second  19°,  third  18°,  fourth  16°,  fifth  12J°,  and  at 
the  sixth  7°.  To  obtain  the  varying  surface  thus  required  to  gain 
the  utmost  efficiency,  the  sail- covering  canvas  is  stretched  upon  the 
framework  of  the  arm,  so  that  when  fully  extended  the  surface  is 
bent  or  curved  in  the  direction  of  its  breadth,  or  twisted  so  that  it 
presents  the  appearance  of  a  screw  or  spiral  surface,  the  twist  being 
greatest  near  the  centre  and  gradually  lessening  as  it  approaches  the 
end.  As  the  force  of  the  wind  is  perpetually  varying,  and  as  the 
work  to  be  done  is  in  some  respecte  a  variable  quantity  also,  it  is 
necessary  for  equable  working  that  some  means  should  be  within 
reach  of  equalising  the  effect  of  the  wind  upon  the  mill  arms.  In 
regulating  the  speed  of  the  arms  by  the  adjustment  of  the  sails,  they 
are  covered  or  partially  covered  with,  that  if  the  wind  be  too  strong, 
it  is  obviously  necessary  to  do  as  the  sailor  does  in  like  circumstances 
-^that  is,  "  take  in  sail/'  and  in  some  instances,  as  may  be  seen  in 
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windmill  working,  "  furl "  one  or  two  sails  completely,  so  that  one  of 
the  arms,  if  not  two,  are  allowed  to  revolve  with  little  or  no  sail- 
covering  extended.  In  old  mills  the  canvas  covering  was  wound 
upon  a  roller  extending  along  the  whole  length  of  the  arm,  and  by 
turning  this  the  sail  was  spread  more  or  less  over  the  surface,  as 
desired.  This  was  a  tedious  process,  and  involved  the  stopping  of 
the  mill  and  the  careful  attention  of  the  miller,  to  watch  and  provide 
for  the  varying  force  of  the  wind.  In  improved  mills  the  sails  were 
divided  into  sections,  each  section  or  width  being  mounted  on  a 
separate  roller,  and  the  whole  were  under  the  control  of  a  system 
of  rods  and  levers  actuated  by  or  under  the  influence  of  a  governor, 
of  the  type  used  in  the  steam  engine,  so  that  as  the  velocity  of  the 
arm  increased  beyond  a  certain  point  the  rollers  were  wound  up  and 
the  surface  being  lessened  the  velocity  was  decreased.  When  the 
speed  became  too  slow  the  governor  fell,  and  unwinding  the  rollers, 
spread  more  canvas  over  the  framing,  and  the  velocity  was  increased. 
Notwithstanding  the  widespread  employment  of  steam  as  a  motive 
power,  the  use  of  windmills  is  by  no  means  done  away  with.  Great 
numbers  are  still  employed  in  certain  localities,  and,  so  far  as  present 
circumstances  seem  to  indicate,  will  be  employed  for  a  long  time  yet. 
Indeed,  for  some  departments  of  work  windmill  power  is  on  the 
increase,  and  in  many  colonial  districts  it  cannot  well  be  dispensed 
with.  The  various  problems  connected  with  the  work  are  interesting, 
and  the  working  details  are  fine  exempUflcations  of  natural  laws  or 
principles. 

The  Action  of  Fluids  on  Oblique  BnrfiEices.— Heohanical  Ezempliflcations. 

The  action  of  fluids  on  oblique  surfaces  in  producing  and  in 
regulating  motion  is  ezemplifled  in  many  other  departments  of 
mechanical  work,  in  addition  to  those  already  noticed.  Supposing 
that  in  a  dead  calm,  with  the  air  quiescent,  we  applied  such  force  to 
the  shaft,  d,  of  the  windmill  in  diagram  flg.  48  as  to  make  the 
arms,  6,  c,  with  their  sails  set,  revolve,  we  should  cause  the  sails  to 
act  upon  the  quiescent  air,  so  that  the  pressure  created  on  their 
oblique  faces  would  cause  the  air  to  flow  back,  as  it  were,  from  the 
faces,  as  in  the  direction  I ;  but  the  flow  being  resisted  by  the  body 
of  air  behind,  the  reaction  causes  the  sails  to  be  in  reality  forced 
back  in  the  direction  of  the  arrow  at  n;  so  that  the  shaft  d  is  forced 
end-on  inwards  towards  its  bearing  or  top.  This  action  probably 
gave  rise  to  the  invention  of  the  propelling  screw.  A  screw  proper 
is  simply  an  inclined  plane  rolled  round  a  cylinder,  the  diameter  of 
the  boss  or  cylinder  and  the  obliquity  or  angle  of  the  inclined  plane 
regulating  the  character  of  the  turn  of  the  plane  round  the  cylinder. 
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and  the  distance  between  its  edges  as  they  are  successively  carried 
round  the  boss — in  other  words,  giving  the  pitch  or  twist  of  the 
screw.  If  we  take  a  piece  of  flat,  flexible  material,  as  a  6,  fig.  52, 
and  holding  it  fast  between  the  thumb  and  forefinger  of  one  hand 
at  a,  and  by  the  other  at  6,  giving  the  wrists  a  turn  in  opposite 
dilutions,  as  shown  by  the  arrows,  we  obtain  a  twisted  surface,  as 
at  c  c? ;  and  if  the  twist  or  turn  has  been  equal  in  force  at  the  ends 


r 
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Fig.  52. 

a  and  h,  the  twist  will  be  equal,  though  in  opposite  directions,  on 
each  side  of  the  central  point  e.  The  twisted  surface  here  obtained 
is  part  of  a  helix,  or  screw ;  and  if  we  suppose  that  the  twist  be 
completed  so  that  the  ends  form  a  circle  round  the  axis  or  centre 
line — shown  dotted — at  c  e  d,  we  have  a  screw,  as  in  fig.  53,  which 
is  virtually  a  flat  surface  twisted  regularly  round — that  is,  the  twist- 
ing force  in  one  direction  being  equal  to  the  twisting  force  in  the 
opposite  direction — a  central  shaft  or  axis,  as  a  b.     If  we  suppose 


Fig.  53. 

this  screw  to  be  placed  in  water  flowing  at  a  certain  velocity  in  the 
direction,  say  of  the  arrow  ^,  this  striking  the  oblique  surfaces,  as  at 
d  and  e,  perpendicularly,  the  result  is  a  force  tending  to  push,  so  to 
say,  ihe  points  e  and  /  outwards ;  but  as  these  are  rigidly  connected 
with  the  shaft  a  b,  the  lateral  motion  is  converted  into  the  circular 
one  of  the  points  e  andy,  as  in  the  direction  of  the  arrows  in  opposite 
directions,  and  the  consequent  circular  motion  of  revolution  of  the 
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shaft  a  h.  We  can  thus  convert  the  rectilineal  flow  or  force  of  the 
water  in  the  direction  of  arrow  c  into  a  turning  force  of  the  shaft  a  h, 
which  may  be  led  off  to  any  point  desired  by  appropriate  mechanical 
arrangements.  Conversely,  in  place  of  having  the  water  flowing 
onwards,  we  have  it  still  or  in  a  state  of  quiescence ;  and  if  we  then 
give  by  some  means  or  another  a  motion  of  revolution  to  the  shaft 
a  b,  the  screw  blade  striking  the  water  at  different  angles  of 
obliquity,  we  have  precisely  the  converse  or  opposite  result  to  that 
of  the  arrangement  above  named,  and  we  thus  cause  the  water  to  be 
moved  along  in  the  direction  of  the  arrow  g.  If  we  place  the  screw 
shaft  at  an  angle  a  b,  oblique  to  the  surface  of  the  water  c  c^  in 
fig.  54,  and  twist  a  pipe  helically  or  screw  fashion  round  the  shaft, 
we  get  an  inclosed  and  inclined  screw ;  and  if  the  lower  orifice,  as 
at  /,  be  immersed  in  the  water,  we  can,  by  causing  the  shaft  and  its 


Fig.  64. 

screw  pipe  to  revolve,  lift  a  portion  of  the  water  from  a  low  level, 
as  y,  to  a  high  one,  as  e.  This  contrivance,  sometimes  used  in 
hydi-aulic  mechanism,  is  known  as  the  Archimedean  hydraulic  screw, 
its  invention  being  attributed  to  the  celebrated  ancient  philosopher 
Archimedes,  and  hence  its  name.  This  contrivance  is  adapted  in 
many  ways  to  the  mechanism  of  industrial  work.  As  a  carrier  or 
mover  of  granular  substances  from  one  point  to  another  in  level  or 
nearly  level  directions,  and  also  in  raising  those  substances  from  a 
low  to  a  higher  level,  the  Archimedean  screw  proved  itself  of  great 
utility.  A  well-known  adaptation  of  it  is  the  "  malt  carrier "  in 
bi-eweries  and  the  "  flour  carrier "  in  flour  mills.  The  malt  or  flour 
is  conveyed  in  an  open  semicircular  trough,  or  in  a  closed  tube,  as 
g  h  ij,  the  radius  of  which  is  a  little  in  excess  of  the  radius  of  the 
screws  A,  k,  in  fig.  64,  so  m  to  admit  of  a  little  "  clearance  "  between 
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its  periphery  and  the  surface  of  the  trough.  The  flour  or  malt  is 
supplied  at  one  end  of  the  trough,  and  is  conveyed  or  carried  along 
to  the  other,  where  it  is  delivered  by  the  continued  revolution  of  the 
screw — the  shaft  of  which  is  set  and  kept  in  motion  by  appropriate 
gearing  connected  with  the  "line"  or  "lying"  shaft,  receiving  its 
motion  from  the  prime  mover.  The  blade  of  the  screw  as  it  revolves 
comes  round  in  contact  with  the  flour  or  malt,  and  entering  amongst 
the  particles  and  descending  through  them  in  a  direction  oblique  to 
the  line  of  direction  of  the  trough,  shoves  it,  so  to  say,  forward, 
between  one  face,  the  inner,  of  the  screw,  and  the  other  face,  the 
outer,  as  between  the  points  h  and  i,  fig.  53 ;  and  the  supply  of 
material  to  the  trough  being  continuous,  this  shoving  or  propelling 
motion  is  also  continuous,  so  that  the  portion  passing  along  between 
the  two  first  convolutions  or  blades  of  the  screw  is  passed  on  to  the 
next  two,  and  so  on  to  the  last,  or  point  of  delivery.  There  is  no 
stirring  or  lifting  up  of  the  material  as  the  bladas  revolve:  they 
seem,  in  fact,  looking  at  the  apparatus  in  work,  as  if  they  merely 
kept  revolving  in  the  midst  of  it  without  giving  any  progressive 
motion  to  it.  The  young  mechanical  student  will  derive  some  lessons 
useful  in  his  practice  if  he  watches  closely  the  work  done  by  a  screw 
carrier  when  he  has  the  opportunity  to  see  it  in  operation. 

Farther  Mechanical  Ezempliiications  of  the  Action  of  Fluids  on  Obliqne 

Surfaces. 

If  an  Archimedean  screw,  in  place  of  revolving  in  still  water  in  a 
fixed  position,  be  placed  in  a  vessel  floating  in  and  capable  of  moving 
along  the  water,  as  the  screw  a,  ^g,  55,  at  the  stern  of  a  boat  h  c, 
the  water,  as  the  screw  is  made  to  revolve,  is  passed  along  its  blades 
in  the  direction  of  the  arrow  d  ;  and  as  one  blade  at  a  certain  angle 
creates  a  motion  in  the  direction  of  the  arrow  e,  another  blade  at 
another  angle  gives  a  motion  in  the  direction  of  the  arrowy,  but  as 
the  blades  are  of  equal  obliquity  and  opposite,  the  motions  on  each 
side,  e  and  f,  are  also  equal  and  opposite,  and  the  resultant  of  the 
two  is  a  motion  forward  of  the  vessel  in  the  direction  of  arrow  g, 
just  as  if  the  vessel  were  pushed  forward  by  a  pole  pressing  in  the 
direction  of  the  arrow  d  on  some  solid  and  fixed  body  placed  at  its 
point.  Such  is  the  principle  of  the  "screw,"  used  almost  to  tte 
complete  exclusion  of  the  "  paddle-wheel "  propeller  for  steam  vessels. 
It  was  first  applied,  many  years  ago,  to  the  propulsion  of  canal  boats, 
for  which  it  was  peculiarly  well  adapted,  as  there  was  neither  breadth 
of  surface  nor  depth  of  water  at  the  sides  to  admit  of  the  use  of  side 
paddle-wheels — which,  moreover,  caused  much  damage  to  the  banks 
by  the  tidal  waves  they  created.     But  from  lack  of  a  due  considera- 
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tion  of  the  conditions  under  which  the  old  contrivance  of  the 
Archimedean  screw  was  adapted  to  this  work,  the  inventor  failed 
in  making  his  application  a  success.  It  was  not  till  a  mechanician  of 
the  name  of  Smith,  some  half  a  century  ago,  adapted  the  screw  to 
sea-going  vessels,  that  its  value  began  to  be  recognised ;  and  by  the 
efforts  of  a  host  of  succeeding  inventors  it  was  made  so  thoroughly 
efficient  that  screw-propelled  steamships,  both  for  coasting  and  deep- 
sea  voyages,  are  the  rule,  paddle-wheel  steamers  being  altogether  the 
exception.  In  the  Navy  screw  steamers  are  alone  used,  the  only 
exception  being  in  "  despatch  boats,"  which  are  employed  for  special 
purposes  where  speed  is  required ;  for  the  screw  can  never — has,  at 


Fig.  55. 

all  events,  as  yet  not  been  able  to — compete  with  the  paddle  as  a 
means  of  giving  speed  to  the  vessel  in  which  it  is  employed.  But 
the  other  advantages  possessed  by  the  screw, — and  none  of  which  can 
be  obtained  from  the  use  of  the  paddle-wheel — such  as  the  small 
bulk  and  weight  of  the  screw,  its  being  placed  in  a  situation  beyond 
the  ordinary  range  of  shot,  and  so  that  it  does  not  interfere  with 
the  sailing  qualities  of  the  vessel,  thus  enabling  the  steam-worked 
screw  to  be  an  auxiliary  power  to  that  of  the  sails,  etc.,  etc.,  are  so 
great  that  it  is  in  practice  considered  better  to  submit  to  the  sacrifice 
of  a  certain  percentage  of  speed  by  its  use,  than  obtain  the  higher 
speed  by  the  use  of  paddle-wheels  with  all  their  disadvantages. 
Nevertheless,  by  the  improvements  effected  in  screw-propelled  vessels. 
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all  are  now  regularly  worked,  giving  for  the  longest  voyages  a  mar- 
vellous I'ate  of  continued  speed. 

The  Screw  Propeller. 

In  the  modern  screw  propeller  the  screw  is  much  modified  from 
its  original,  or  what  may  be  called  its  normal  form,  as  in  diagram 
fig.  53.  In  this,  the  usual  form,  the  blades,  e,  /,  are  continually 
applied  round  the  central  shaft  a  6 ;  so  that  the  helical  surface  is 
uninterrupted  from  one  end  of  the  screw  to  the  other;  and  the 
twist,  or  what  is  technically  called  the  "pitch,"  is  such  that  the 
complete  arms  of  the  blade  are  pretty  frequent  or  close  together  in 
a  given  length  of  the  shaft  or  central  boss.  In  place  of  a  continuous, 
an  interrupted  blade  is  used  in  the  screw  propeller ;  in  general  prac- 
tice this  is  carried  to  such  an  extent  that  a  part  only  of  the  helix  is 
used ;  and  the  screw  as  seen  in  plan  and  elevation  has  two  blades,  as 
hi,n  kl,  ^g,  55,  projecting  from  opposite  sides  of  the  central  boss  of 
the  shaft,  j  j  m,  by  which  motion  is  given  to  the  screw.  The 
position  of  the  screw  in  relation  to  the  vessel  is  that  part  known 
technically  as  the  "  dead  wood,"  as  nn,  which  is  in  line  with  the 
keel  o  of  the  vessel,  and  runs  up  to  join  the  lines  of  the  stem  p. 
This  dead  wood  is  placed  before — ^reckoning  from  the  bow  or  forward 
part  of  the  ship — ^the  rudder  q,  which  must  of  course  be  the  last  or 
extreme  outer  part  of  the  vessel.  An  open  framework,  r,  is  placed 
in  the  dead  wood  in  which  the  screw  works,  as  shown  in  the  position 
at  h  i,  and  the  screw  shaft  J  passes  through  a  water-tight  stuflSng  box 
at  « ;  the  outer  end  of  the  shaft  working  in  and  bearing  up  against  a 
step,  fixed  to  the  framing  in  the  dead  wood  n. 

The  forms  of  screw  blades  and  their  pitch  introduced  from  time  to 
time  into  practice  have  been  very  numerous;  and  those  proposed, 
but  which  have  for  one  reason  or  another  met  with  but  little,  in 
some  cases  no  success  in  practical  working,  are  more  numerous  still. 
A  record,  indeed,  of  all  that  has  been  done  and  proposed  in  connection 
with  screw  propellers  would  take  up  the  space  of  a  very  large 
volume.  A  few  notes,  however,  in  connection  with  it  will  be  useful 
here,  as  explaining  further  the  point  we  have  at  present  under 
consideration — namely,  the  action  of  fluids  upon  oblique  surfaces ;  or 
the  converse  of  this,  the  action  of  those  Surfaces  upon  fluids,  acccbrd- 
ing  as  the  one  or  the  other  is  in  motion  in  relation  to  the  other  which 
is  at  rest.  If  we  complete  the  circle  of  which  the  ends  of  the  blades 
k,  I,  diagram  fig.  55,  form  the  screw,  this  circle  might  be  looked 
upon  as  a  flat  disc,  the  surface  or  any  one  of  its  diameters,  as  a  b,  a'  H 
in  diagram  fig.  56,  would  be  at  right  angles  to  the  shaft  or  line  a'  e 
passing  through  the  centre.     The  blades,  as  a,  rf,  e,  diagram  fig.  54, 
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are  not  parallel,  as  at  /,  to  the  supposed  disc  h  (a'  b'  6),  but  are 
placed  oblique  to  it,  as  at  l.  This  angle  or  degree  of  obliquity  is  not, 
however,  continued  the  same  throughout  the  whole  length  of  blade 
from  the  tip  or  outer  edge,  d  c,  to  the  centre  where  it  joins  the  boss 
or  shaft  a,  but  it  varies,  being  greatest  near  the  boss  a  and  least  at 
the  ends  d,  e,  where  it  nearly  approaches  the  parallel  position  at  J,  as 
forming  a  very  small  angle  with  the  face  of  assumed  disc  k.  The 
reason  for  the  obliquity  increasing  as  the  blade  approaches  the  boss  a, 
and  as  the  width  of  the  blade  decreases,  will  be  obvious  on  consider- 
ing that  the  speed  or  velocity  of  the  water  passing  over  the  surface 


^ 
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Fig.  66. 

of  the  blade  is  a  uniform  or  unvarying  quality,  while  the  angular  or 
circumf erentiaL  velocity  of  the  blade  at  various  points  of  its  section 
is  a  varying  velocity.  Thus,  it  is  evident  that  the  space  through 
which  the  part  of  the  blade  taken  on  the  sectional  line  h  i  passes  in 
a  given  time  is  greater  than  the  space  passed  through  in  the  same 
time  of  the  part  of  the  blade  between  points/ and  g ;  the  speed  of 
the  tips,  as  dy  c,  is  therefore  much  greater  than  the  part  nearer  the 
central  boss  a.  The  water  passing  over  or  past  the  whole  surface  of 
the  blade  at  the  same  or  a  uniform  velocity,  and  as  the  surface  on 
which  the  water  acts  is  much  less  at  the  narrow  parts  of  the  blade, 
as  /  <7,  than  at  the  broad  parts  h  i,  by  giving  the  greatest  obliquity 
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to  the  narrow  parts  a  greater  grip,  so  to  say,  of  the  water  is  obtained; 
the  proportion  is  thus  equalised  over  the  whole  surface  of  the  blade. 

Mechanical  Terms  connected  with  Screws. 
If  the  blade,  in  place  of  filling  up  but  two  spaces  or  divisions  of 
the  circle,  as  in  the  ordinary  form  of  screw  propellers,  as  at  ^  ^  in 
diagram  i^g.  55,  filled  up  the  whole  space,  and  was  continued  round 
the  shaft  till  the  general  curve  due  to  the  screw  as  a  whole  was 
wrapped,  so  to  say,  round  the  shaft,  it  would  assume  the  completed 
form    as   in    diagram  ^g.  51,   its  length    being   comprised   within 
the  space  bounded  by  the  dotted  lines  h,  L     This  distance  g  h  \& 
called  the  pitch  of  screw.     And  by  the  term  pitch,  as  applied  to  a 
two-bladed  propeller  screw,  is  meant  the  distance  between  the  two 
points  or  lines  h'  a'  h'  and  k  I  in  fig.  56,  being  those  where  a  line 
drawn  parallel  to  the  axis  of  the  screw  a'  e  would  cut  the  edges  of 
the  blade  if  it  were  continued  round  the  shaft  till  the  screw  was 
completed  as  at  i  h  in  ^g.  53.      The  length  of  the  line  as  h'  I  in 
^g,  6^,  gives,  therefore,  the  pitch  of  a  propeller  screw,  and  is  gene- 
rally taken  or  expressed  in  feet.     At  first  sight  the  student  would 
suppose  that  the  propelling  power  of  the  screw  would  be  that  due  to 
the  oblique  action  of  the  screw  of  a  determinate  pitch,  and  that  every 
complete  revolution  of  the  screw  would  pass  any  body  or  point  of  the 
water  along  the  blade  of  the  screw  from  the  point,  as  6,  where  the 
revolution  began,  to  the  point  I,  where  it  terminated.    But  the  power 
due  to  the  theoretical  conditions  of  the  screw  and  the  water  in  which 
it  turns  is  greatly  modified  and  lessened  by  the  practical  conditions 
in  which  the  screw  works  in  relation  to  the  water  and  the  ship  which 
it  has  to  move  or  propel  along.     Considering  the  water  as  a  solid 
yet  mobile  body,  the  screw  in  revolving  and  at  the  same  time  pro- 
gressing or  moving  forward  in  it, — for  the  two  are  coincident,  or  in 
action  at  the  same  time, — insinuates  itself,  so  to  say,  into  the  body 
of  the  water ;  but  what  may  be  called  the  "  grip,"  due  to  the  obli- 
quity of  the  blades,  on  the  water  is  not  continuous,  but  at  times  loses 
its  hold  or  slips  from  the  water,  so  to  say.     By  the  existence  of  this 
loss,  technically  called  the  "  slip  "  of  the  screw,  the  difference  between 
the  theoretical  and  the  actual  speed  of  the  vessel  propelled  by  the 
screw  is  considerable,  varying  from  one  fourth  to  one-third. 

Further  Ezemplifloations  of  the  Action  of  Fluids  on  Oblique  Sarfaoes,^ 

Projectiles. 

The  action  of  fluids  on  oblique  surfaces  is  very  finely  illustrated  in 
that  important  department  of  the  mechanic's  art — projectiles,  to 
which  of  late  years  a  variety  of  circumstances  have  given  remarkable 
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pTominence ;  and  which  has  given  rise  to  an  exceedingly  wide  range 
of  inventions  and  of  mechanical  work,  designed  to  give  greater  power 
and  precision  to  ordnance,  and  conversely  greater  strength  to  surfaces 
such  as  the  sides  of  vessels  or  the  waUs  of  forts,  in  order  to  resist 
this  power.  The  action  of  fluids  on  the  oblique  surfaces  of  a  body 
which  is  projected  or  shot  through  the  air  by  some  force  is  well 
exemplifled  in  the  case  of  the  common  arrow.  This,  as  well  known, 
is  a  long  straight  rod,  a  a,  ^g,  57,  tipped  or  shod  with  a  metallic 
barb  or  dart,  pointed  as  at  6  to  penetrate  the  object  aimed  at.  Thus 
furnished,  however  effective  it  might  be  in  penetrating  any  body 
which  it  might  strike  end-on,  there  would  be  no  security  that  the 


Fig.  57. 

object  aimed  at  would  itself  be  struck.  However  accurate  the  aim 
of  the  archer  might  be,  and  however  straight  the  line  in  which  the 
projectile  force  of  his  bow  sent  it  as  it  left  his  hand,  the  course  it 
took  would  not  be  in  a  straight  but  in  a  wavy  or  zigzag  line,  going 
first  to  one  side  and  then  to  another,  the  resultant,  or  what  might  be 
called  the  average  of  the  lateral  movements,  being  a  line  which 
would  lead  to  some  position  aside  from  the  point  actually  aimed  at. 
And  this  will  be  understood  if  the  young  student  will  apply  what  we 
have  already  given  on  the  subject  of  fluids  acting  on  oblique  surfaces. 
For  if  the  rod  were  not  actually  straight,  but  crooked  in  the  direction 
of  its  line  of  length,  as  at  c  c,  ^g.  57,  it  is  obvious  that  each  bend 
would  give  an  oblique  surface  for  the  air  to  act  upon,  and  with 
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the  result,  as  we  have  ah*eady  explained,  of  creating,  so  to  say,  a 
force  which  would  move  the  rod  either  to  one  side  or  the  other,  and 
to  which  there  would  be  no  equal  and  opposing  force.  But  even 
assuming  that  the  rod  was  perfectly  straight,  if  at  any  point  of  its 
progress  through  the  air  it  swerved  in  the  slightest  degree  from  the 
straight  course,  the  length  of  rod  would  then  assume  a  position 
oblique  to  the  right  or  direct  course,  as  shown  at  the  angle  d,  or  that 
at  e.  And  the  condition  of  the  barb  h  in  relation  to  the  weight  and 
length  of  the  rod  a  a  would  itself  be  a  disturbing  cause,  bringing 
about  the  change  of  the  position  as  at  d  a  e.  And  these  positions 
would  give  of  necessity  oblique  surfaces  for  the  air  to  act  upon, 
bringing  about  changing  forces.  Simple  as  the  means  adopted  to 
counterbalance  one  opposing  force  with  another,  and  to  give  a  steady 
straight  motion  to  the  arrow  in  its  flight  through  the  air,  appears 
to  be,  the  young  student  may  rest  assured  that  it  would  be  a  long 
period,  and  only  after  a  patient  and  sustained  observation,  which 
would  tend  to  the  invention  of  the  feathered  head  at  a,  or  to  the 
discovery  of  its  useful  efiect  in  giving  precision  to  the  flight  of  the 
arrow.  For,  simple  as  is  the  application  of  the  principle  upon  which 
this  precision  depends,  it  is  as  much  a  highly  valuable  mechanical 
invention  as  the  windmill  or  the  propelling  screw — which  in  reality 
the  feathers,  a,  of  an  arrow  are.  Those  feathers  do  not  project 
straight  from  the  rod  or  arrow,  as  at  g,  but  have,  precisely  like  the 
blades  k^  I,  in  diagram  flg.  55,  a  twist  given  to  them  so  as  to 
present  a  series  of  oblique  surfaces  throughout  their  length,  from  the 
narrow  end  at  which  they  join  the  rod  to  the  outer  end  at  which 
they  spread  out  or  diverge  from  it.  And,  as  in  the  case  of  the  screw, 
the  obliquity  is  greatest  at  the  narrowest  part.  If  the  student  will 
now  consider  the  condition  of  an  arrow  so  provided  with  projecting 
blades  or  sails,  so  to  call  them,  in  relation  to  the  air  through  which 
it  is  swiftly  projected,  he  will  perceive  that  the  action  of  the  air  on 
the  equal  and  opposing  oblique  surfaces  will  result  in  the  rod  rotating 
on  its  axis  throughout  its  course.  For  as  the  air  strikes  perpen- 
dicularly on  the  oblique  surface  of  one  of  the  feathers,  as  /  in 
diagram  ^g.  57,  at  every  point  on  the  surface,  and  this  surface 
moving  through  the  air,  the  oblique  section  at  each  point  is  pushed, 
so  to  say,  away  sideways  from  a  by  the  force ;  but  as  the  feather 
surface  is  firmly  fixed  to  the  shaft  or  rod  of  the  arrow,  this  side 
motion  is  converted  into  a  partial  turning  round  of  the  rod  on  its 
axis,  precisely  as  if  it  were  fixed  to  but  free  to  turn  in  bearings,  and 
the  feather  surface  pushed  down  by  the  point  of  a  pencil  pressed 
upon  it.  And  as  this  pressure  of  the  air  perpendicularly  on  the 
oblique   surfaces  of   feather   is   taking   place  also   in   those  of  the 
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feather  on  the  opposite  side  of  the  rod  or  shaft  a  of  the  arrow, 
teDding  to  force  it  laterally  away  in  the  direction  opposite  to  that  of 
the  surface,  the  rod  a,  receiving  continuous  impulses  from  the  air 
on  both  sides,  keeps  turning  or  rotating  on  its  aids.  And  this  con- 
tinual rotation,  in  conjunction  with  the  continued  progress  through 
the  air  in  a  certain  direction,  the  result  of  the  force  of  the  bow, 
completely  neutralises  any  influence  which  would  cause  the  rod  to 
swerve  either  to  the  one  side  or  to  the  other,  as  at  c  c,  and  compels 
it,  so  to  say,  to  take  the  straight  course,  as  shown  by  the  dotted  lines 
central  to  opposing  influences  represented  by  the  curved  lines  on 
either  side  of  it.  The  archer,  knowing  that  his  arrow  will  go  straight 
to  the  point  he  aims  at  so  far  as  it  is  itself  concerned — that  is,  if  well 
made  and  the  feathers  properly  adjusted — has  only  to  allow  for  cer- 
tain extraneous  influences,  such  as  the  strength  of  the  wind  which 
may  be  blowing  from  any  particular  quarter,  and  which  would  tend 
to  carry  the  arrow  aside,  either  right  or  left,  from  the  mark  aimed 
at.  And  it  is  upon  the  skill  with  which  the  archer  estimates  and 
makes  allowance  for  those  opposing  influences,  and  notes  the  pecu- 
liarities of  his  bow  or  crossbow,  that  his  accui*acy  as  a  marksman 
depends. 

Mechanical  Points  connected  with  Projectiles. 

When  firearms  were  introduced,  in  which  the  force  of  gunpowder 
explosion  in  a  long  and  small-diametered  tube  was  that  which  sent 
the  ball  or  bullet  or  projectile  through  the  air,  in  place  of  the  force 
of  the  elastic  string  or  cord  of  the  bow  or  crossbow,  an  altogether 
new  departure  in  the  art  and  science  of  projectiles  was  made.  But 
although  the  new  "arm"  viewed  as  a  whole,  including  its  mechanical 
features  and  the  explosive  power,  gave  enormous  advantages  to  the 
sportsman  or  the  soldier,  it  was  very  long  before  these  advantages 
became  at  all  fully  available ;  and  it  is  but  yesterday,  so  to  say,  in 
the  history  of  science,  when  it  could  be  said  that  while  the  gun  or 
the  cannon  was  an  arm  of  power,  it  was  also  one  of  precision.  And 
this  extra  and  enormous  advantage  of  precision,  by  which  it  could  be 
calculated  with  some  degree  of  certainty  that  the  object  aimed  at 
could  be  "  hit "  or  struck  by  the  projectile  sent  through  the  air  by 
the  force  of  gunpowder  exploded,  was  only  arrived  at  when  men 
began  to  study  the  phenomena  of  the  feathered  arrow,  and  to  give 
close  attention  to  the  principles  upon  which  these  depended.  As 
another  suggestion  of  the  value  of  the  lessons  derived  from  the  work- 
ing out  of  or  all  round  mechanical  subjects,  it  may  be  well  to  remind 
the  youthful  mechanical  student  that,  great  an  advance  in  the  art  of 
projectiles  as  the  "  feathering  "  of  an  arrow  was,  it  may  be  taken  as 
certain  that  the  discovery  was  either  the  effect  of  accident — or  as 


J 


THE   TECHNICAL   STUDENT'S   INTRODUCTION  TO   MECHANICS.    245 

men  call  it  chance — or  of  one  of  those  "  happy  thoughts  "  which 
come  to  men  they  know  not  how,  and  which  turn  out  or  act  when 
shaped  out  they  know  not  why,  with  which  the  history  of  practical 
mechanics  abounds.  Or  if  the  first  suggestion  was  given  to  a  thought- 
ful man  by  his  "  observing  "  something  which  had  before  been  seen 
or  looked  at  without  observation — which,  as  we  have  seen,  is  but 
another  name  for  thoughtful  looking  at — probably  by  generations 
before  him,  it  would  take  a  long  and  careul  series  of  observations 
before  the  plan  of  feathering  an  arrow  was  completed.  And  although 
its  action  was  known,  the  youthful  student  may  with  almost  absolute 
accuracy  conclude  that  it  would  be  long  before  it  was  known  how 
the  action  was  produced,  or  why  it  must  under  the  circumstances  be 
so.  But  when  once  it  was  understood  that  the  accuracy  of  the  aim 
of  a  feathered  arrow  was  caused  by  or  dependent  upon  the  action  of 
the  air  on  oblique  surfaces,  which  caused  the  arrow  shaft  to  rotate 
upon  its  axis,  or — to  use  the  popular  phrase,  which  is  also  the  tech- 
nical one — to  "spin,"  the  application  of  this  principle  to  the  projectile 
of  a  "  firearm  "  was,  so  to  say,  comparatively  easy.  At  first,  and  for 
a  long  series  of  years,  a  gun  or  cannon  consisted  essentially  in  a  long 
and  comparatively  (in  relation  to  the  length)  small-diametered  circular 
hole,  a  a,  diagram  ^g.  58,  made  in  the  interior  of  the  iron  cylinder 
h  h.  In  the  early  "  makes "  this  cylinder  was  of  equal  diameter 
throughout;  but  in  later  ones  and  especially  after  cast-iron  was 
introduced  as  the  material — as  the  greatest  bursting  effect  of  the 
gunpowder  was  produced  at  the  "  breech "  or  inner  end  of  the  in- 
terior hole  or  "  bore  " — the  cylinder  was  made  stronger  round  the 
"  breech,"  and  as  the  explosive  or  bursting  force  of  the  ignited 
gunpowder  gases  got  lessened  as  they  travelled  towards  the  mouth  or 
orifice  of  the  gun  at  c?,  the  diameter  gradually  lessened  also,  thus 
giving  the  well-known  tapered  or  conical  form,  as  shown  in  the 
diagram.  But  in  all  cases  the  diameter  of  the  "  bore  "  or  hole  was 
uniform  throughout  its  length,  so  that  the  sides  were  perfectly 
parallel.  And  to  facilitate  the  progress  of  the  projectile  along  the 
"  tube,"  the  interior  was  made  as  smooth  as  possible.  It  was  a  very 
long  time  indeed  before  machine  tools  had  got  to  that  point  of 
perfection  in  design  and  execution  which  permitted  the  maker  of 
ordnance  to  bore  out  the  interior,  thus  securing  a  smooth  surface 
equally  all  round;  the  avoidance  of  all  projections,  and  therefore 
correspondingly  created  hollows  or  indentations,  being  the  great 
object  aimed  at.  The  early  makers  little  thought  that  the  time 
would  come  when  a  very  decided  yet  peculiar  hollow  would  form  an 
essential  part  of  a  gun  or  cannon  which  should  deserve  the  name  of 
an  "  arm  of  precision." 
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As  weight  or  heaviness  in  the  "projectile"  to  be  hurled  with  swift 

speed  and  great  force  against  the  enemy  was  an  essential,  the  young 
student  will  see,  as  he  thinks  over  the  peculiarities  of  the  sphere  or 

globe — its  surface  in  relation  to  its  cubical  capacity 
— the  reason  why  the  projectile  was  made,  for  many 
a  long  year,  in  the  form  of  a  ball,  as  at  e.  It  was 
long  before  the  modern  form,  shadowed  forth  at  fy 
came  into  existence.  As  a  "  knocker  over "  of  a 
body  opposed  to  it,  the  ball  e,  sent  with  speed  and 
force,  was  effective  enough  in  its  way ;  but  it  had  no 
pretension  to  the  office  of  a  "  penetrating"  and 
"breaking  up"  force,  such  as  the  projectile  shaped 
as  at  /  possessed.  And  this  form  followed  as  almost 
a  natural  result  upon  the  adaptation  of  the  "  spin- 
ning "  principle  of  the  feathered  arrow.  By  giving 
a  projectile,  shaped  like /in  diagram  ^g*  58,  project- 
ing parts  or  feathers  at  the  sides,  and  giving  to  these 
the  necessary  obliquity  so  as  to  secure  the  screw-like 
twist,  when  forced  or  driven  from  the  gun  or  cannon, 
a  rotatory  motion  round  its  axis  would  be  produced, 
precisely  in  the  same  way  as  in  the  case  of  the 
arrow,  as  in  diagram  fig.  57  ;  and  projectiles  on  this 
S  plan  have  been  produced.  But  objections  to  a  pro- 
jectile so  made  will  be  obvious.  It  would  be  noticed, 
in  using  the  old  form  of  "  smooth  bore  "  (so  called) 
gun,  that  when  it  was  not  really  smooth  and  accu- 
rately bored,  certain  irregularities  in  the  path  of  the 
shot  would  be  produced,  giving  the  ball  a  bias  in  the 
wrong  direction  ;  and  even  with  the  extremest  accu- 
racy obtainable  by  the  defective  machine  tools  then 
used,  that  precision  could  not  be  obtained.  If  by 
any  means  the  ball  or  projectile  could  be  made  to 
pass  along  the  interior  of  the  bore  not  in  a  straight 
line — that  is,  simply  driven  out  along  its  surface, 
but  so  that  it  would  travel  round  the  surface  of  the 
bore  as  it  went  along  at  the  same  time — the  result 
would  be  a  spiral  path,  the  centre  of  which  would  be 
the  central  axis  of  the  gun,  and  the  ball  would  have 
in  this  case  a  compound  motion  as  it  flew  through 
the  air :  a  motion  straight  on,  derived  from  the 
explosive  force  of  the  gunpowder ;  a  motion  round  its  axis,  derived 
from  whirling  round  the  interior,  so  to  say.  If  this  movement 
within  the  bore  could  be  compelled  by  the  way  in  which  the  bore 
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was  formed  in  relation  to  the  ball,  the  '^spinning"  of  it  on  its  central 
axis  would  be  secured  And  this  was  effected  by  what  was  called 
"rifling"  the  gun  or  cannon.  The  term  rifle  is  derived  from  the 
old  French  rifler,  or  from  the  German  raffen,  to  snatch  away,  to 
sweep  away ;  the  word  "  groove  "  from  the  German  word  ffrahen,  to 
"  groove  " ;  and  by  cutting  the  groove  in  the  interior  of  the  bore  so 
that  it  went  round  its  surface  in  a  continually  changing  direc- 
tion, a  spiral  path  or  channel  was  formed^  as  shown  in  A.  This 
channel  or  groove  runs  in  what  is  called  an  easy  curve,  the 
convolutions  being  the  reverse  of  quick  or  sharp;  in  other  words, 
the  pitch  of  the  spiral  is  very  long.  To  place  the  ball  or  projectile 
within  the  influence  of  this  groove,  it  is  necessary  that  it  should 
have  a  grip  or  hold  of  it  :  if  as  at  i,  it  is  obvious  that  the  ball  would 
simply  slide  along  over  the  groove,  but  if  furnished  with  a  project- 
ing part,  as  at  J,  the  ball  would  be  compelled  to  follow  the  groove, 
and  thus  be  made  by  it  to  whirl  round  the  bore  or  barrel.  In  small 
firearms  which  are  rifled  the  ball  is  of  lead,  and  it  is  made  a  little 
larger  than  the  true  diameter  of  the  bore ;  and  under  the  pressure 
of  the  forcible  ramming  down — in  the  case  of  "  muzzle-loaders  " — the 
lead  bulges  out  and  naturally  recedes  into  the  groove  somewhat,  as 
aty,  thus  giving  the  ball  a  hold  or  grip  of  it,  so  that  it  is  compelled 
to  follow  the  line  of  groove  or  "  rifling "  of  the  gun  or  cannon ;  in 
the  case  of  "  breech-loaders  "  the  ball,  a  little  larger  than  the  bore,  is 
placed  in  the  breech,  and  the  force  of  the  gunpowder  explosion  drives 
it  out,  so  that  part  is  bulged  out  into  and  takes  hold  of  the  groove. 

Matter.— Bodies.—Haterials. 
The  youthful  student  will,  by  the  time  at  which  he  arrives  at  the 
present  stage  of  our  inquiry  into  the  phenomena  of  bodies  considered 
in  relation  to  what  by  common  consent  it  is  agreed  to  call  their 
mechanical  properties,  see  clearly  that  those  phenomena  are  all — ^to 
use  the  only  expression  which  is  open  to  us — created,  and  are  con- 
trolled in  their  various  conditions  by  the  two  great  laws  of  nature — 
attraction  and  repulsion.  The  student  will  have  also  learned,  although 
somewhat  contrary  to  popular  notions,  that  to  the  varied  conditions 
in  which  what  is  called  matter  is  met  with,  the  same  term  body  is 
alike  applicable,  a  gas  or  common  air  being  as  much  a  body  as  a 
solid  mass  of  material,  like  a  stone  or  a  piece  of  wood  or  a  lump  of 
metal,  to  which  the  popular  mind  has  no  difS.culty  in  applying  the 
term.  He  will  by  this  time  have  further  learned  that  the  conditions 
of  bodies  to  which  we  give  the  names  of  solid,  liquid,  and  aeriform  or 
gajseous,  are  merely  relative, — that  while  one  condition  is  the  ordinary 
or  normal  one  of  the  body,  we  may,  by  changing  the  circumstances 
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under  which  those  bodies  are  placed,  change  their  conditions,  so  that 
the  same  body  which  is  solid  now  can  be  made  liquid,  or  if  liquid  be 
made  aeriform  or  gaseous,  and  that  an  air  or  gas  may  be  made  liquid. 
But  while  aware  that  those  varied  conditions  and  such  phenomena 
as  they  present  (phenoTnen,  from  the  Greek  phainomenon,  and  this 
from  phainomait  to  appear :  phenomena  are  thus  things  which  have 
an  appearance  or  what  can  be  seen  or  "  looked  at ")  are  ail  mani- 
festations of  the  two  great  laws  of  attraction  and  repulsion ;  still  a 
knowledge  of  all  the  conditions  in  which  matter  exists,  or  which  it 
may  be  made  to  assume,  and  still  more  a  knowledge  of  the  limits 
within  which  those  changes   may   be   made,  is  what  the  youthful 
student  cannot  possibly  be  supposed  to  possess,  and  what  is  possessed 
indeed  only  by  the  learned  few.     And  of  those  it  has  in  truth  to  be 
said  that,  great  as  their  knowledge  appears  to  be,  and  indeed  is,  as 
compared  with  that  possessed  by  the  great  majority,  there  is  a  point 
in  the  investigations  of  physical  phenomena  beyond  which  they  have 
not  been  able  to  go ;  and  of  what  exists  or  is  or  may  be  on  the  other 
side  of  that  point  they  are  constrained  to  confess,  all  reluctantly 
though  it  be — for  the  pride,  and  we  may  say  the  presumption  of 
some  scientific  men,  is  by  no  means  small — that  all  they  know  is 
that  they  know  nothing,  and  still  more  reluctantly  have  to  admit 
that  the  almost  certainty  is  that  they  never  will  know  anything. 
Nevertheless,  though  this  be  the  case,  and  it  is  well  that  all  scientific 
men  should  be  what  the  true  scientific  men — the  followers  and  dis- 
ciples of  Bacon,  of  Newton,  of  Faraday — always  are,  humble,  what 
men  do  know  through  scientific  men  having  found  it  out  is  in  its 
amount  so  great,  and  in  its  characteiistics  so  valuably  practical,  that 
we  owe  to  it  all  we  possess  in  the  way  of  work  actually  done,  material 
wealth  and  prosperity  secured.    And  although  there  be  a  limit  beyond 
which  it  is  not  ordained  by  an  All-wise  Creator  that  man  should  go, 
that  limit  is  so  far  beyond  what  man  has  yet  reached,  that  the  truths 
yet  to  be  made  clear,  the  facts  known,  the  phenomena  displayed,  are 
likely  to  be  as  infinitely  more  numerous,  as  they  will  be  more  bene- 
ficial to  man,  than  those  hitherto  found  out  and  exemplified  have 
been.     And  with  a  field  so  vast  lying  stiU  unexplored  before  us,  and 
with  a  potentiality  of  utility  beyond  the  dreams  even  of  the  most 
sanguine,  one  would  indeed  be  foolish  to  waste  time  in  vain  regrets 
that  there  is  a  region  beyond  into  which  it  seems  destined  that  man 
shall  never  enter ;  still  more  foolish  that,  this  being  so,  he  will  not 
work  in  the  field  he  has  at  least  possession  of,  because  there  is  one 
which  he  is  never  to  get.     What  men  have  done  before  him,  wha't 
they  are  doing  now,  the  young  student  can  do  also ;   or,  if  he  cannot 
compass  work  of  the  same  high  character  as  that  they  have  succeeded 
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with,  he  can  at  least  do  something  which  will  be  useful  to  himself,  if 
not  to  his  neighbour, — and  for  the  matter  of  that  no  man  can  do  well 
for  himself  without  benefiting  in  some  way  his  neighbour.  By  dint, 
therefore,  of  that  close  and  careful  observation,  on  the  value  of  which 
to  him  in  his  daily  work  we  have  already  drawn  the  attention  of  the 
young  student  in  mechanics,  and  with  the  added  all-essential  element 
of  equally  close  and  careful  thought — thinking  things  out,  thinking 
them  all  round — he  will  be  able  to  acquire  a  knowledge  of  the 
peculiarities  and  what  may  be  called  the  mechanical  values  of  mate- 
rials, of  the  greatest  use  to  him  in  his  daily  work  and  practice.  We 
have  said  that  the  conditions  in  which  substances — or  to  use  by  way 
of  preference  the  better  term,  materials — are  met  with  are  purely 
relative ;  that  is,  they  are  dependent  for  their  peculiarities,  for  the 
time  being,  upon  the  relation  which  the  natural  laws  have  to  them. 
But  it  is  a  fortunate  thing — ^we  prefer  to  say  that  it  is  a  well  and 
wisely  ordered  condition  of  Creative  Wisdom — for  man  that  the 
normal,  ordinary  or  natural  condition  in  which  what  are  called  the 
materials  used  by  the  mechanic  is  precisely  that  condition  which  fits 
them  for  his  purpose*  Thus,  although  we  have  in  a  mass  or  heap 
of  granulated  mateiial  the  very  same  constituents  of  which  a  mass  of 
freestone  or  of  granite  is  composed,  it  is  obvious  that  for  all  the 
ordinary  work  of  the  mechanic  the  sand  or  granulated  condition 
would  be  of  little  use  to  him  for  constructive  purposes,  and  it  is 
only  when  the  same  substances  or  constituents  are  in  a  state  or 
condition  of  coherence — that  is,  in  which  there  is  that  close  "  cohe- 
sion" between  the  particles — that  they  are  valuable  for  those  practical 
purposes.  And  it  is  this  condition — relative  though  it  be  neverthe- 
less to  the  controlling  influence  of  certain  natural  laws — which  is  the 
normal,  ordinary,  or,  as  men  phrase  it,  the  natural  one  in  which  the 
constituents  of  stone  are  found.  Again,  though  a  mass  of  iron  in  a 
melted,  molten,  or  fluid  condition  is  precisely  the  same  as  regards 
general  constituents  or  particles  as  the  mass  of  iron  in  a  solid  con- 
dition, still  it  is  obvious  that  for  the  general  purposes  of  the  mechanic 
this  molten  state  would  not  be  useful.  But  the  widest  range  of 
purposes  is  at  once  secured  by  the  ordinary,  normal  or  natural 
condition  in  which  the  iron  constituents  are  found — that  is,  in  their 
solid  state.  But  the  thoughtful,  though  it  may  be  the  youthful 
student,  will  perceive  the  value  of  the  very  fact  involved  in  what  we 
have  said  as  to  the  relative  condition  of  materials;  for  it  gives  to 
man  the  power  so  to  avail  himself  of  natural  laws  that,  by  certain 
modes  of  applying  those,  he  can  change  the  condition  of  materials  so 
that  the  very  changes  will  conduce  to  his  convenience.  We  here  only 
allude  to  this  in  a  general  way ;  but  in  noticing,  as  we  are  about  to 
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do,  a  few  of  its  leading  characteristics,  the  student  will  see  its 
enormoas  value  to  the  mechanic — a  value  which  it  is  impossible  to 
overestimate.  This  controlling  power,  so  to  call  it,  exercised  by 
natural  laws  brought  into  operation  in  certain  ways,  is  that  which 
modifies  the  conditions  of  all  materials,  and  brings  into  existence  all 
their  characteristic  features.  And  the  youthful  student  who  is  only 
beginning  to  investigate  the  materials  he  has  to  deal  with,  the  more 
closely  he  carries  on  his  inquiries  the  more  startling  will  be  his  dis- 
coveries ;  the  more  clearly  will  he  see  that  what  at  first  sight  seem 
to  be  fixed  and  unalterable  conditions  of  materials  are  merely  what 
may  be  called  temporary,  and  may  be  so  altered  as  to  place  within 
his  reach  uses  for  the  materials  of  which  at  first  he  had  no  concep- 
tion. It  was  remarked,  for  example,  by  a  profound  thinker  that 
weeds,  which  farmers  look  upon  as  the  pests  of  the  land,  served  a 
useful  purpose.  In  this  he  did  not  so  much  refer  to  the  fact  that 
some  day  science  would  show — as  he  believed  it  would  show — ^that 
the  weeds  which  grew  so  readily  had  in  themselves  a  very  high  value 
for  some  purposes  of  which  at  present  we  had  no  conception,  as  to 
the  fact  that,  gi'owing  so  freely,  they  compelled  good  farming ;  for 
the  best  methods  known  to  the  farmer  to  get  rid  of  them  are  pre- 
cisely those  which  improve  the  soil  and  facilitate  the  good  growth  of 
the  crops  which  the  farmer  desires  to  cultivate.  In  like  manner  it 
may  be  said  of  the  materials  which  the  mechanic  has  at  command, 
presenting  features  in  their  natural  or  ordinary  condition  which  have 
to  be  got  rid  of  before  they  can  be  made  available  for  certain  pur- 
poses, or  to  be  so  changed  in  character  that  new  properties  are  given 
to  them  by  the  mechanic ;  or  failing  this  work  as  done  by  him,  the 
man  of  science  for  him  is,  so  to  say,  compelled  to  find  out  methods 
of  working  or  preparing  those  materials.  So  that  what  appear  to  the 
unthinking  mind  to  be  simply  difficulties  thrown  in  the  way,  pre- 
venting man  from  availing  himself  of  natural  products,  are  seen  by 
the  reflective  mind  to  be  some  of  the  kindest  provisions  of  an  All-wise 
Creator;  inasmuch  as,  to  get  the  highest  and  widest  range  of  useful- 
ness out  of  natural  materials  man  is  compelled,  so  to  say,  to  exercise 
his  power  of  observation  and  of  thought,  and  to  apply  his  skill  and 
energy  to  discover  new  combinations,  invent  new  processes,  and  design 
new  machines,  appliances,  or  apparatus.  Let  the  youthful  reader,  in 
looking  on  the  one  hand  at  a  mass  of  crude  cast  iron,  or,  better  still, 
a  mass  of  iron  ore,  arid  on  the  other  the  finely  delicate  hair-spring 
of  a  watch,  try  to  bridge  over,  so  to  say,  the  wide  interval  or  space 
which  separates  the  highly  finished  product  of  the  spring  from  the 
mass  of  iron  ore  from  which  it  has  been  made ;  and  he  will  see  that 
to  fill  up  that  space  an  enormous  amount  of  thought,  inventive 
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ability,  and  constructive  skill  must  have  been  expended  befpre  a 
result  so  surprising  and  yet  so  satisfactory  could  have  been  obtained 
from  an  origin  so  unpromising.  The  youthful  mechanic  will  thus 
perceive  that  the  mere  number  and  variety  of  the  materials  and 
their  characteristics  compel,  as  it  were,  that  patient  observation  and 
that  careful  thought  which  put  into  action  can  alone  give  him  the 
materials  in  the  form  and  with  the  characteristics  his  special  work 
demands.  After  these  preliminary  and,  as  we  design  them  to  be, 
practically  suggestive  remarks,  we  proceed  to  point  out  some  properties 
of  bodies  or  materials  to  which  we  have  as  yet  refrained  from  referring, 
or,  if  we  have  named  them,  have  done  so  only  incidentally  in  connec- 
tion with  other  points. 

Bodies  for  our  specified  purposes  we  prefer  to  call  materials,  as 
they  are  all  made  up  of  "  matter,"  which  has  been  treated  of  in  an 
early  chapter.  All  the  phenomena  presented  by  those  materials  are, 
as  we  have  said,  regulated  and  controlled,  as  they  are,  so  to  say, 
created,  by  the  two  great  laws  of  nature — attraction  and  repulsion. 
That  of  attraction  is  the  one  which  brings  about  all  the  conditions 
to  which  we  have  given  the  names  of  porosity,  density,  hardness, 
elasticity,  ductility,  malleability,  etc.,  etc.  And  before  beginning 
to  notice  specially  each  of  these  characteristics  of  materials,  it  is  here 
again  necessary,  as  it  is  interesting,  to  observe  what  we  have  already 
referred  to, — that  those  characteristics  are  only  relative,  not  absolute. 
Thus  we  take  a  bar  of  steel,  and  find  that  by  no  force  manually 
employed  can  we  bend  it  or  cause  it  to  change  its  form ;  and  before 
this  change  can  be  effected,  it  requires  the  application  of  a  higher 
force.  We  decide  that  it  has  a  certain  property  to  which  we  give 
the  name  of  rigidity,  and  are  inclined  naturally  to  conclude  that 
rigidity  is  an  absolute  property;  hence  we  classify,  or  attempt  to 
classify,  bodies  as  rigid  as  contrasted  with  those  which  are  not  rigid. 
But  there  is  actually  no  such  thing  as  positive  or  absolute  rigidity, 
for  the  same  bar  popularly  pronounced  to  be  positively  rigid,  under 
other  conditions  can  be  so  reduced  in  rigidity  that  its  form  can  be 
changed  with  comparative  ease.  So,  again,  in  relation  to  the  property 
of  materials  known  as  porosity,  the  characteristics  of  which  will  be 
explained  in  next  paragraph,  we  take  a  mass  of  metal,  say  gold,  and 
in  examining  it  and  knowing  its  "behaviour" — to  use  a  term 
employed  by  engineers — under  ordinary  circumstances  we  popularly 
pronounce  it  to  be  a  non-porous  substance.  But  as  there  is  no  such 
thing  as  positive  or  absolute  rigidity,  there  is  also  no  such  thing  as 
positive  porosity;  for, under  certain  conditions  the  same  mass  of 
metal  can  have  water  squeezed  through  its  pores.  The  same  holds 
true  of  all  the  other  properties  of  materials  to  which  certain  names 
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are  attached,  as  if  these  properties  were  positive  or  absolute.  But 
although  those  names  do  not  convey  scientifically  correct  conceptions, 
as  the  properties  are  only  relative  or  rather  conditional,  dependent 
upon  circumstances,  still  they  are  highly  useful  in  conveying  to  the 
mind  certain  attributes  which  belong  generally  to  the  materials  in 
what  may  be  called  their  normal,  natural,  or  ordinary  condition.  In 
no  department  is  the  truth  of  the  proverb  "circumstances  alter 
cases  "  or  conditions  so  true  as  in  that  of  materials.  And  if  we  find, 
as  we  shall  do,  that  the  one  great  law  of  attraction  regulates  the 
properties  of  bodies — ^such  as  porosity,  density,  etc.,  etc. — so  the  other 
great  law,  that  of  repulsion,  causes  many  of  those  changes  in  their 
condition  by  which  we  see  that  tEese  properties  are  only  relative  or 
conditional,  and  not  absolute  or  positive. 

Coiutitaents  of  Bodies. — Properties  of  Bodies. 
In  an  eai'ly  section  of  the  present  work  we  explained,  as  clearly 
as  the  natural  obscurity  of  the  subject  permitted,  the  nature  of  the 
constituents  of  all  materials  or  bodies,  and  there  showed  how  those 
ranged  themselves  under  what  may  be  called  three  classes:  first, 
atoms ;  second,  particles  or  molecules ;  and  third,  masses.  Higidly 
followed  out,  all  bodies  are  composed  of  atoms  only,  this  being  the 
primary  or  elementary  form,  if  this  term  can  be  applied  to  what  have 
never  been  seen  and  cannot  be  divided,  as  they  cannot  be  handled. 
The  law  which  regulates  the  grouping  together  of  atoms  so  as  to 
form  particles  or  molecules,  and  of  particles  so  as  to  form  masses,  is 
that  of  attraction.  And  it  is  the  way  in  which  this  law  operates  in 
relation  to  the  atoms  and  molecules  which  gives  the  characteristics 
of  bodies,  or  what  we  call  materials.  In  this  connection  the  young 
student  had  better  confine  his  thoughts  to  molecules  or  particles, 
those  being  capable  of  physical  examination — atoms^  after  all,  so  far 
as  we  are  concerned,  being  but  mental  conceptions.  Let  him,  there- 
fore, consider  a  number  of  molecules  possessing  the  chemical  and 
mechanical  features  which  make  up  the  constituents  of  any  body  or 
material  as  drawn  or  massed  (see  "  mass  **  in  a  preceding  paragraph) 
together  by  the  law  of  attraction  so  as  to  form  a  solid  body.  He  will 
bo  apt  to  conclude  that  this  solidity  is  obtained  by  the  molecules 
lying  so  closely  together  that  all  their  sides  touch  or  their  surfaces 
are  in  contact  with  each  other.  This  is  not  so,  for  scientific  men 
have  discovered  that  the  law  of  attraction,  in  massing  together  the 
molecules  of  a  material,  apparently  acts  not  over  all  their  surfaces, 
but  only  at  certain  of  their  points,  the  point  of  one  molecule  attract- 
ing or  being  attracted  by  the  corresponding  point  of  another  and 
its  neighbour  molecule,  and  it  is  only  those  points  which  attract  to 
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or  cohere  with  each  other.  This  peculiarity  is  illustrated  by — if, 
indeed,  it  may  not  hereafter  be  proved  to  be  the  same  action  as  that 
of — the  "  behaviour  "  of  magnets,  which,  when  placed  in  conjunction 
or  closely  to  one  another,  attract  each  other  only  at  certain  points, 
and  never  at  any  other.  To  those  points  in  magnets  the  name  of 
"  poles  "  has  been  given.  And  borrowing  the  term — if,  indeed^  as 
above  suggested,  it  be  not  strictly  applicable,  inasmuch  as  from  recent 
discoveries  and  applications  of  the  principle  which  we  call  electricity 
it  is  probable  that  this  is  present  in  all  molecules  and  masses — this 
peculiar  mode  of  attraction  of  atoms  or  of  molecules  is  called  the 
polarity  of  atoms  or  of  molecules.  JSTow,  if  the  young  student  will 
think  the  matter  over,  the  variety  of  the  constituents  of  materials 
which  gives  the  varieties  of  the  materials  themselves  must  give  a 
variety  in  the  form,  so  to  express  it  (for  no  other  mode  of  expression 
is  available  in  our  language),  of  the  atoms  or  molecules.  And  the 
forms  being  different  in  different  constituents  or  molecules  of  different 
materials,  the  poles,  so  to  say,  will  be  different — so  that  attraction, 
acting  through  these,  will  give  different  arrangements  of  the  molecules. 
Kow,  we  find  that  each  body  (and  this  almost  follows  as  a  natural 
conclusion  from  the  above)  has  its  own  molecules,  possessed  of  their 
own  polarity,  and  which  is  not  possessed  by  the  molecules  of  any 
other  body.  Thus  it  comes  about  that  each  body  has  its  own  definite 
arrangement  of  molecules,  and  to  this  the  name  of  "  crystallisation  '* 
has  been  given.  Certain  mechanical  results  flow  from  this  property, 
and  on  these  we  may  yet  give  some  practical  remarks.  The  crystal- 
lisation of  cast  iron,  for  example,  is  so  affected  or  so  controlled  by 
the  form  or  shape  of  the  casting  that  its  strength  is  materially 
affected — weakened  by  one  form,  strengthened  by  another.  Each 
body  or  material  is  now  known  to  have  its  own  peculiar  form  of 
crystal  or  disposition  of  its  molecules  or  particles ;  and  the  investi- 
gations into  the  different  forms  of  crystals  or  dispositions  form  a 
distinct,  as  it  is  a  most  interesting,  branch  of  physical  science.  We 
do  not  here  propose  to  enter  any  further  into  the  subject  of  crystal- 
lisation, or,  as  we  here,  in  view  of  the  special  purpose  of  our  papers, 
prefer  to  call  it,  the  molecular  condition  of  materials.  Suffice  it  to 
say  that,  apart  from  the  interest  it  possesses  to  the  scientific  man, 
demanding,  as  it  does,  a  knowledge  of  geometry  and  the  higher 
mathematics,  it  has  a  high  value  to  the  mechanic,  who  is  called  upon 
so  frequently  and  extensively  to  deal  with  metals  known  as  the 
"  useful "  in  contradistinction  to  the  "  precious  "  metals,  with  which 
constructively  he  is  not  concerned,  however  much  he  may  be  interested 
in  accumulating  them  as  the  reward  of  his  work.  For  the  fact  is 
that,  while  we  do  not  as  yet  know  much  as  to  this  molecular  condition 
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of  metals,  still  we  know  enough  to  put  it  beyond  all  doubt  that 
further  investigations  into  and  discoveries  connected  with  its  phe- 
nomena, and  a  more  correct  view,  if  one  not  absolutely  complete,  of 
the  law  which  regulates  those,  will  yet  be  of  vast  service  to  the 
mechanic.  And  while,  in  taking  a  general  survey  of  natural  objects 
as  they  are  presented  to  us  in  different  parts  of  the  globe,  one  is 
surprised  at  and  in  many  instances  overwhelmed  with  the  vastness 
of  nature's  manifestations,  it  is  in  turning  our  attention  in  the  other 
direction,  and  taking  cognisance  of  the  minute  in  nature,  that  perhaps 
the  widest  field  for.  surprising  aijjd  unexpected,  nay,  even  startling 
manifestations,  is  opened  up  to  the  inquiring  mind.  And  in  no 
department  is  this  so  strikingly  true  as  in  that  of  the  metals  with 
which  the  mechanic  has  to  deal.  In  studying  the  various  points 
connected  with  the  manufacture  of  iron  and  steel,  the  student  will 
have  occasion  to  deal  with  some  of  the  remarkable  points  connected 
with  those  metals.  And  none  are  more  striking  than  the  effects 
produced  in  their  character  by  causes  of  the  most  minute,  and  what 
men  would  be  disposed  at  first  sight  to  call  trifling  causes.  The 
characteristics  of  the  metals  which  give  them  all  their  value  to  the 
mechanic  as  constructive  materials^ — such  as  ductility,  malleability, 
elasticity  and  the  like — are  rendered  either  more  or  less  valuable 
by  the  most  minute  changes  in  their  molecular  disposition  or  con- 
dition ;  and  those  are  brought  into  existence  by  substances  equally 
minute.  That  many  points  now  obscure  will  yet  be  made  clear  we 
have  no  doubt ;  and  when  this  is  so,  we  have  every  reason  to  believe, 
judging  from  past  experience,  that  we  shall  then  be  able  to  master 
difficulties  which  at  present  conquer  us,  and  shall  have  the  ability 
to  get  rid  of  those  defects  in  steel  and  iron  which  at  present  to  a 
very  large  extent  harass  the  mechanic  in  his  work,  and  but  too 
frequently  cause  failures  and  losses.  And  this  can  only  and  will 
only  be  done  by  patient  investigation,  by  close  observation  and  closer 
thought;  and  while  the  range  of  daily  work  presents  a  wide  field 
for  the  exercise  of  those  faculties,  the  young  student  should  remember 
that  it  is  or  will  be  equally  open  to  him ;  and  that  to  him  may  yet 
be  granted  the  like  honour  that  has  been  granted  to  his  predecessors, 
of  being  able,  as  the  result  of  his  observation  of  and  thinking  about 
the  phenomena  of  his  daily  work,  to  discover,  if  not  the  law  which 
regulates  all  the  phenomena  of  molecular  conditions  of  materials,  at 
least  facts  which  may  be  of  the  greatest  practical  service  to  the 
engineer  and  the  machinist.  So  much  that  is  valuable  beyond  cal- 
culation has  been  discovered  in  the  past  that  there  is  every  encourage- 
ment for  the  young  student  in  mechanics  to  cast  in  his  lot  with 
those  who  will  yet  be  the  discoverers  of  the  future;  and  in  connection 
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with  this  important  subject  we  have  been  glancing  at  there  is  a  field 
as  wide  as  it  is  useful  open  to  his  observation  and  research. 

Properties  of  Bodies. — Porosity. 
Kemembering  what  hets  been  advanced  in  the  beginning  of  last 
paragraph  as  to  the  polarity  of  molecules,  by  virtue  of  which 
apparently  the  molecules  of  bodies  touch  each  other  at  certain  points 
only,  the  student  will  be  able  to  perceive  that,  according  to  the 
primary  shape  of  the  molecules,  there  will  be  vacant  spaces  left  here 
and  there  between  the  points  or  parts  which  do  not  come  in  contact. 
This  may  be  explained  thus.  The  student  must  here  note  that  the 
connection  between  the  molecules  cU  the  point  or  part  of  contact — 
that  is,  the  "cohesion"  between  the  molecules — is  so  perfect  that  the 
best  idea  to  be  obtained  of  it  is  to  suppose  the  two  particles  to  be 
-  fused  or  soldered  together  so  that  they  form  one  or  a  homogeneous 
mass.  Suppose,  then,  that  we  represent  the  molecides  as  squares, 
or  rather  as  cubes.  If  the  molecule  disposition  were  such  that 
those  cubes  touched  each  other,  or  came  in  contact  with  each  other 
at  their  sides,  a  number  of  them  would  lie  together,  and  the  cohesion 
being  perfect,  there  would  be  no  spaces  between  the  cubes  as  at  the 
lines  of  contact.  The  contact  or  cohesion  of  the  cubes  being  perfect, 
in  point  of  fact  they  would  form  a  solid  mass,  represented  by  one 
block.  But  in  virtue  of  the  polarity  of  atoms  or  molecules — which, 
BO  to  say,  causes  them  to  prefer  a  disposition  by  which  one  part  only 
is  attracted  to  another  part  only — we  can  suppose  the  cubes  touch- 
iikg  or  cohering  at  certain  points  only.  This  arrangement  naturally 
leaves  vacant  spaces  between  the  cubes.  But  in  making  up  a  "mass" 
the  molecules  represented  in  our  supposed  illustration  by  cubes  must 
be  disposed  in  a  succession,  so  to  say,  of  layers — one  set  of  cubes 
being  superimposed  upon  another  set.  But  while  being  of  necessity 
so,  the  molecular  disposition  might  be  such  that  the  vacant  spaces 
in  one  row  might  be  placed  over  the  solid  parts  of  the  row,  say 
immediately  below.  Viewing  the  molecules  as  a  mass,  it  will  be 
obvious  that  the  spaces  would  be  perfectly  isolated — being  surrounded 
by  solid  matter,  so  that  there  could  be  no  communication  between 
one  space  and  another.  Vertically,  therefore,  so  far  as  any  com- 
munication between  one  space  and  another  was  concerned,  the 
2^greg2ut\on  of  solid  parts  and  vacant  spaces  would  be  the  same  as 
if  the  mass  were  a  perfectly  solid  block  throughout.  We  thus  have 
a  series  of  continuous  channels,  placed  within  the  mass  of  molecules, 
which  extend  from  top  to  bottom  of  the  mass  or  body.  The  yoimg 
student  will,  of  course,  understand  that  in  giving  this  illustration  we 
do  not  wish  him  to  infer  that  the  disposition  of  molecules  is  such 
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as  we  have  named  :  it  is  entirely  a  supposed  case ;  and,  however  little 
required  by  advanced  students,  we  give  it  in  order  to  induce  the 
youthful  student  to  think  all  points  as  fully  out  as  he  can,  while  at 
the  same  time  it  serves  very  clearly  to  explain  a  very  important 
property  of  materials  used  by  the  mechanic,  the  point  or  rather  the 
principle  of  which  is  not  always  understood,  even  by  those  who  have 
been  long  engaged  in  mechanical  work.  The  youthful  student  will 
also  bear  in  mind  that  the  various  materials  he  works  with,  being 
made  up  of  various  and  varying  constituents,  as  each  molecule,  of 
course,  possesses  its  own  polarity,  the  disposition  of  the  molecules 
will  be  different  in  different  materials, — wluch  is  but  another  way  of 
repeating  what  we  have  already  in  last  paragraph  stated,  that  each 
hody  has  its  own  particular  crystallisation  or  molecular  disposition. 
Some  materials,  therefore,  will  have  comparatively  very  large  chan- 
nels or  passages,  and  numerously  disposed  in  the  mass,  while  others 
will  have  passages  very  minute  and  very  few  in  number.  This 
characteristic  property  of  materials,  as  having  channels  or  passages 
formed  within  the  mass  or  body,  has  its  name  in  the  science  of 
physics  given  to  it  from  the  Latin  form  of  the  word  passage  we  have 
just  used — this  word  being  porus,  and  this  again  derived  from  the 
Greek  word  poros,  which  signifies  a  passage,  duct,  or  channel.  Hence 
our  word  Porosity. 

There  is  to  the  thoughtful  mind  no  circumstance  connected  with 
the  wondrous  accumulation  of  materials  with  which  in  the  natural 
world  we  are  surrounded,  which  gives  rise  to  thoughts  so  suggestive 
of  the  Divine  wisdom  which  has  given  them  to  man  for  his  use, 
than  this — namely,  the  exceedingly  varied  nature  of  those  materials. 
And  just  as  one  farmer  wishes  rainy,  another  fair  weather,  each 
thinking  only  of  his  own  purposes  and  views,  so  a  mechanic  in  dealing 
with  a  given  material  placed  at  his  command  may  wish  to  have  it 
possessed  only,  or  chiefly,  of  a  characteristic  or  peculiarity  suitable 
only  for  the  purpose  he  has  in  view ;  while  another  mechanic  may 
wish  to  have  his  material  suited  for  his  purpose,  although  that  be 
altogether  different  from  that  of  his  neighbour.  But  such  is  the 
wide  diversity  in  the  characteristic  peculiarity  or  peculiarities  of 
materials,  that  the  mechanic  can  always  find  one  if  not  absolutely 
or  precisely,  still  one  practically  or  generally,  suitable  to  the  work 
he  has  to  do.  Now,  with  the  accumulated  knowledge  derived  from 
the  labours  of  his  predecessors,  the  mechanic  as  a  rule  can  place  his 
h  vnd  at  once  upon  a  material  possessing  the  characteristic  he  desires. 
But  in  doing  so  we  fear  that  it  is  not  always  that  he  thinks  of  what 
must  have  been  the  close  observation  and  the  patience  with  which  it 
was  displayed,  and  the  long,  long  course  of  years — :£ren«»^tions  many 
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— through  which  that  was  exercised,  before  man  found  out  the  mate- 
rials which  possessed  the  varying  characteristics  he  required  for  his 
work.  Even  yet  the  scientific  man  is  finding  out  new  uses  for  old 
materials,  and  discovering  almost  daily  that  some  which  have  been 
tossed  aside  as  worthless  possess  a  high  value  to  man.  And  this 
peculiar  characteristic  or  property  of  bodies  or  materials  known  as 
porosity  has  been  of  immense  service  to  man,  although  it  sometimes 
happens  that  a  mechanic  does  get  hold  of  a  material  in  which  he 
would  much  rather  that  this  porosity  was  not  present.  We  have 
Eluded  to  the  continuity  of  the  passages  or  channels  in  materials. 
Thus,  let  us  suppose  the  trunk  of  a  tree,  the  fibres  of  which  are  so 
arranged  in  relation  to  each  other  that  they  may  lie  parallel  to  one 
another  throughout  their  length  in  their  normal  condition — that  is, 
where  no  defects  as  from  disease  causing  hard  knots,  etc.,  etc.,  exist. 
But  they  do  not  lie  close  to,  but  at  some  distance  from  each  other ; 
the  result  of  which  is,  that  a  series  of  channels,  passages,  or  to  use 
the  Latin  term  for  this  last  word,  pores,  are  found  extending  from 
end  to  end  of  the  tree.  This  condition  or  property  in  wood  would 
seem  at  first  sight  £o  be  antagonistic  to  the  ordinary  purposes  of  the 
mechanic,  who  desires,  as  a  rule,  the  closest  grained  or  the  hardest 
and  densest  wood  he  can  obtain.  But,  as  has  been  well  remarked  by 
a  thoughtful  observer,  "nature  is  always  compensatory":  if  she  takes 
away  with  one  hand,  she  gives  something  in  return  as  freely  with 
the  other.  Thus  this  property  of  porosity — passaged  or  channelled — 
is  taken  advantage  of  in  many  ways  by  the  mechanic,  and  proves  a 
powerful  auxiliary  in  many  of  his  operations.  We  can  only  refer 
to  one  or  two  examples  of  this — the  first  of  which  is  the  well-known 
process  of  preserving  wood,  by  impregnating  it  with  certain  preser- 
vative substances,  as  salts,  oils,  or  tars.  This  impregnation  consists 
essentially  in  the  filling  of  the  pores  of  the  wood  with  those  pre- 
serving fluids.  If  there  were  no  continuity  in  the  pores  or  passages, 
it  is  obvious  that  we  could  only  affect  the  outside  and  part  only  of 
the  inside  of  the  mass  of  timber  to  be  preserved.  But  by  virtue  of 
its  porosity  every  part  of  the  wood  can  be  reached  and  placed  under 
the  influence  of  the  preserving  substance.  So  complete  is  the  con- 
tinuity of  the  pores  in  longitudinal  channels  that  one  well-known 
process  of  preserving  timber  depends  wholly  upon  this  property  for 
its  successful  operation.  In  it  the  preserving  liquid  is  applied  under 
pressure  at  one  end  of  the  tree  or  log,  and  it  flows  through  the 
passages  till  it  reaches  the  other  end,  thus  filling  the  pores  throughout 
their  length.  By  taking  advantage  of  this  principle  of  pressure  the 
process  of  wood  preservation  is  made  much  quicker  than  if  the  pre- 
serving liquid  was  allowed  to  be  taken  up  naturally  by  the  wood,  if 
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dipped  into  it,  or  if  applied  to  one  end  and  allowed  to  flow  through 
it  as  best  it  could. 

We  have  considered  the  passages  or  pores  as  being  formed  by  the 
fibres  of  the  timber  lying  apart  from  each  other ;  these  fibres  thus 
represent  what  we  popularly  term  the  solid  parts  of  the  timber. 
And  in  one  sense,  therefore,  they  are  really  the  timber,  all  the  other 
parts  being  but  literally  spaces  or  vacuities.  The  mere  filling  up, 
therefore,  of  the  pores  with  a  preserving  substance  would  appear  to 
have  the  effect  only  of  an  outward  application  to  the  solid  parts — 
that  is,  the  fibres ;  and  that  until  the  interior  of  the  fibres  could  be 
reached  by  it,  the  timber  could  not  be  said  to  be  wholly  acted  upon 
by  the  preserving  substance,  for,  as  we  have  seen,  the  fibres  really 
constituted  the  timber  proper.  Now,  the  interior  or  inner  solid  part 
of  the  fibres  is  reached  by  virtue  of  the  same  property  of  porosity, 
for  though  in  one  sense  solid,  the  fibres  are  themselves  made  up  of 
solid  parts  separated  by  pores  or  passages.  And  if  we  conceive  a 
fibre  to  be  itself  made  up  of  a  series  of  rings — just  as  an  exogenous 
tree  is  made  up  of  rings  (we  exclude  the  consideration  of  endogenous 
trees  or  plants,  which  have  the  central  part  pith  only,  and  not  what 
we  call  wood  at  all) — we  can  imagine  how,  though  each  ring  has 
fewer  pores  or  passages  in  it  as  it  approaches  the  centre,  still  even 
the  innermost  ring  will  have  its  pores,  however  minute.  This  property 
of  porosity — passaged  or  channelled  formation  or  structure — is  so 
prevalent  throughout  materials,  each  solid  part  within  or  enclosed  by 
another  solid  part  having  its  own  individual  pores,  that  it  has  been 
somewhat  jocularly  said  that  there  is  really  no  solid  matter  existing, 
or  but  so  little  of  it  that  what  there  is  of  it  in  the  whole  globe 
itself  might  be  compressed  or  squeezed  into  the  form  of  a 'good-sized 
cricket  ball.  This,  like  all  other  exaggerated  or  paradoxical  state- 
ments, contains,  however,  a  truth;  and  is  but  another  mode  of 
expressing  what  we  have  elsewhere  shown  to  be  a  mechanical  or 
physical  axiom — namely,  that  all  the  established  or  received  proper- 
ties of  bodies  are  only  relative,  not  absolute ;  thus,  what  we  term 
solid  is  only  that  amount  or  degree  of  solidity  which  is  due  to  or 
arises  from  the  connection  in  which  the  body  or  material  is  placed 
at  the  time.  Thus,  we  take  a  block  of  wood — say  of  oak — and  we 
say  that  it  is  solid,  certainly  very  much  more  so  than  a  similarly 
solid  or  shaped  block  of  white  or  yellow  pine.  We  know  almost 
intuitively  that  this  is  so ;  that  is,  we  know  that  the  oak  will  resist 
the  blow  of  a  hammer  better  than  the  pine,  the  latter  being  indented, 
while  the  former  scarcely  shows  the  hammer  mark.  Yet  the  oak  is 
only  relatively  solid,  for  we  can  by  mechanical  pressure  force  the 
oak  block  into  a  smaller  space  than  it  occupies  in  its  natural  or 
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normal  condition.  And  when  so  forced  we  pronounce,  without  any 
hesitation  as  to  the  truth  of  the  statement,  that  the  oak  hlock  is 
now  much  more  solid  than  before.  This  compression  (from  the  Latin 
word  pressurrif  and  this  from  premo,  I  squeeze  or  force  together  or 
press)  or  increased  solidity  (from  the  Latin  aolidua,  firm),  is  obtained 
simply  by  reducing  the  section,  so  to  say,  of  the  pores  or  passages, 
and  thus  in  proportion  bringing  the  fibres  or  solid  parts  closer  or 
nearer  to  each  other.  But  the  pores  or  passages  still  exist ;  so  that 
if  by  some  means  we  can  force,  so  to  say,  the  fibres  apart  from  each 
other,  we  then  in  proportion  to  this  force  increase  the  distance 
between  them,  till  we  may  again  bring  back  the  pores  or  passages  to 
their  original  size.  This  force  we  can  obtain  by  water  or  moisture. 
If  while  the  oak  block  is  in  its  compressed  state  we  insert  or  drive 
it  into  an  aperture  made  in  another  material,  we  may  be  able  to 
withdraw  it  with  comparative  ease.  But  if  we  allow  the  two  to 
remain  exposed  in  the  open  air,  so  that  the  oak  block  may  imbibe 
(from  the  Latin  hihOf  I  drink,  and  the  prefix  imy  that  is,  in — I 
drink  in)  moisture  from  the  atmosphere,  or,  as  may  be  done  more 
quickly,  by  pouring  water  from  time  into  time  into  the  oak  block, 
the  pores  will  get  refilled,  and  the  fibres  or  solid  parts  receding  from 
their  compressed  condition  will  necessarily  increase  the  bulk  of  the 
block.  It  will  now  be  no  longer  an  easy  thing  to  withdraw  the 
block  from  the  aperture  in  which  it  has  been  placed  in  the  other 
material,  the  increased  size  giving  it  a  much  firmer  "  grip  "  (this  is 
from  an  Old  English  woid  griopan,  to  seize  or  lay  hold  of)  of  the 
surface  of  the  aperture.  This  swelling  out  or  increase  of  bulk  of 
timber  is  accompanied  with  the  exertion  of  such  a  force  that  if  the 
block  in  which  the  aperture  is  cut  is  not  of  great  strength,  such  as 
stone,  the  force  may  be  sufficient  to  split  or  break  it  asunder.  This 
property  of  porosity  places  within  the  reach  of  the  mechanic  various 
methods  by  which  he  >  can  alter  their  condition  in  relation  to  what 
is  termed  solidity,  in  a  variety  of  ways  very  useful.  And  the  power, 
so  to  say,  which  it  gives  him,  by  which  a  return  to  their  original 
condition,  or  by  which  the  property  converse  to  or  the  opposite  of 
compression,  namely,  of  swelling  out  or  increasing  the  bulk  of  certain 
substances,  is  also  of  utility  to  him  in  many  of  his  operations.  A 
striking  illustration  of  the  force,  so  to  call  it,  placed  at  his  command 
in  virtue  of  this  property  of  materials,  is  found  in  the  case  of  a 
rope  made  of  fibrous  materials,  as  hemp,  which  we  suppose  to  be 
what  in  ordinary  language  is  said  to  be  perfectly  dry.  In  relation 
to  which  property  of  dryness  it  is  well  here  to  remind  the  student 
that  it  is  the  same  as  with  other  properties  of  bodies  :  the  dryness 
is  not  absolute  or  perfect,  but  only  relative ;  for  substances  which 
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we  pronounce  dry,  concluding  that  they  must  under  the  circum- 
stances— such  as  a  piece  of  wood  which  had  lain  over  the  shield  or 
hood  of  a  smithy  fire  for  very  many  years — be  dry,  yet  are  found  to 
contain  moisture  after  all,  and  this  is  very  appreciable.     We  refer 
again  to  the  point,  for  it  carries  with  it  considerations  which  are  too 
often  overlooked — of  great  importance  to  the  mechanic.    In  wetting 
the  dry  rope  referred  to  above  in  virtue  of  its  porosity,  a  certain 
portion  of  water  is  absorbed  or  imbibed.     This,  by  filling  the  pores 
or  passages  squeezed  together  or  closed  by  the  contraction  of  the 
fibres  as  they  dried,  causes  the  rope  to  increase  in  diameter  or  to 
swell  out.     At  first  sight  this  would  appear  to  be  the  ctoly  result  of 
the  wetting  of  the  rope,  the  swelling  being  confined  only  to  the  parts 
wetted.    But  if  the  young  student  will  think  the  matter  out,  he  will 
perceive  that  the  effect  of  the  increase  of  the  diameter  of  any  part 
of  the  rope  is  the  pulling  up,  so  to  say,  of  its  fibres  at  that  part,  in 
rising  or  swelling  outwards ;  this  in  relation  to  the  core  or  centre  of 
the  rope  is  a  vertical  rising ;  but  as  the  fibres  rise  vertically,  they 
drag  along  the  connected  fibres  on  each  side,  and  this  longitudinally, 
so  that  there  is  an  actual  shortening  of  the  rope  throughout  its 
whole  length,  and  this  is  accompanied  by  or  is  the  cause  of  great 
contractile  power  or  force,  capable  of  raising  or  moving  heavy  weights. 
The  contraction  and  expansion  of  certain  materials  in  virtue  of  their 
porosity  is  a  subject  of  very  great  importance  to  the  practical  mechanic, 
heat  and  cold  being  the  great  agencies.    Those  terms  are,  as  we  have 
shown  in  treating  of  repulsion,  again  purely  relative :  a  body  wJbich 
is  considered  cold  may  be  warm  or  hot  as  compared  with  another 
body.     As  a  rule,  the  substances  or  materials  which  are  of  vegetable 
or  wood  origin  are  those  which  are  more  distinguished  by  porosity 
than  minerals;  and  minerals,  as  stone,  more  than  metals,  as  iron. 
But  the  young  reader  must  not  conceive  of  metals  as  being  bodies 
wholly  without  this  property :   we  have  seen  that  gold,  which  we 
should  pronounce  to  be  absolutely  "dense,"  or  without  pores,  possesses 
them,  so  that  water  can  be  forced  through  a  mass  of  it ;  and  we  have 
seen  how  the  character  of  a  metal,  such  as  iron,  is  very  much  dependent 
upon  the  polarity  of  its  molecules  or  its  crystallisation,  and  that  this 
cannot  take  place  without  the  formation  of  pores,  however  minute  they 
may  be.     And  the  practical  man  knows  but  too  well,  and  to  his  cost, 
that  by  the  defects  of  a  process  or  the  presence  of  some  substance 
he  can,  even  in  that  closest  of  all  our  useful  metals — steel,  create, 
so  to  say,  an  artificial  porosity,  which  he  would  very  gladly  indeed 
dispense  with. 

Properties  of  Bodies.— Density. 
In  the  last  paragraph  we  have,  in  relation  to  the  porosity  of 
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certain  materials,  used  a  word  wliicli  we  have  marked  with  inverted 
commas;  and  from  the  sense  in  which  it  is  there  used  the  young 
student  will  understand  that  the  term  "dense"  is  used  to  distinguish 
a  property  of  materials  the  opposite  of  porous.     Here,  as  in  other 
cases,  the  very  root  or  derivation  of  the  words  "  dense,"  "  density," 
throws  light,  upon  what  they  mean.     They  are  derived  from  the 
Latin  verb  denseo,  I  press  together,  I  thicken — densitas,  thickness — 
that  is,  the  particles  or  molecules  are  more  thickly  disposed  in  a 
certain  space  in  one  body  than  they  are  in  another  body.     If  so, 
they  must  be  closer  together  or  nearer  to  each  other  than  if  they 
were,  so  to  say,  spread  over  or  made  to  fill  or  occupy  a  larger  space. 
We  can  obtain  a  very  good  illustration  of  the  term  dense,  in  this 
relation  of  particles  being  thickly  placed  together  in  a  given  space, 
in  the  case  of  a  regiment  of  soldiers  spread  out  over  a  large  extent 
of  ground  in  open  or  skirmishing  order,  and  the  same  regiment 
massed  into  the  "  solid  square  " — which,  the  distinguishing  feature 
of  British  army  battles,  has  so  often  rolled  back  the  tide  of  battle 
and  resisted  the  terrible  and  oft-repeated  assaults  of  the  bravest  and 
the  best  of 'foreign  troops.     Here  we  at  once  say  that  we  have  in 
the  square  a  dense  body  of  men ;  just  as  we  use  the  same  expression 
of  a  crowd  of  people  assembled  in  a  large  hall,  who  are  said  to  be 
"  thickly  "  crowded  together,  yet  who,  dispersed  over  the  surface  of 
a  very  large  field,  would  no  longer  constitute  a  dense  or  thickly 
crowded  mass,  but  what  in  common  language  would  be  said  to  be 
a  number  of  people  thinly  congregated  or  spread  out  over  a  large 
area.     Here  we  see  that  the  property  of  density  is  entirely  relative. 
We  have  precisely  the  same  number  of  particles — so  to  call  each 
member  of  the  crowd  or  each  soldier  of  the  regiment ;  but  in  the 
one  condition  of  circumstances  we  have  a  "thin,"  in  the  other  a 
"  thick,"  or  dense  (bearing  in  mind  the  derivation  of  the  word  we 
have  given)  disposition  of  the  particles.     In  applying  these  relative 
terms,  thick  and  thin  disposition  of  the  particles,  to  the  case  of 
substances  or  bodies  with,  which  the  mechanic  has  to  deal  in  his 
daily  work,  the  name  of  "porosity"  is  given  to  the  thin  disposition, 
that  of  "  density "  to  the  thick  disposition.     Thus,  referring  to  cu 
supposed  case  when  illustrating  porosity,  the  particles  represented 
by  the  squares  are  kept  apart  or  placed  in  relation  to  each  other  by 
their  polarity,  leaving  spaces  between  them  which  we  may  suppose 
to  be  represented  by  black  squares.     If  we  suppose  that  the  squeaes 
— ^particles — are  forced  or  squeezed  by  a  strong  external  pressure,  so 
that  part  of  their  substance  passes  into  the  vacant  spaces,  we  shall 
have  those  spaces  just  so  much  the  less  as  there  has  been  much  or 
little  of  the  solid  parts  of  the  squares  forced  into  them.     In  this 
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* 
condition  we  see  at  once  that  the  particles  must  be  closer  together, 
and  that  more  of  them  can  be  made  to  occupy  the  same  space — that 
is,  lie  more  thickly  together ;  in  other  words,  we  say  that  the  body, 
made  up  of  an  aggregate  of  particles — squares — is  more  "dense"  than 
the  body  in  its  original  condition,  with  its  open  or  vacant  spaces 
as  if  in  black  squares.  The  maximum  of  density  in  the  case  here 
supposed  would  be  when  the  particles  were  so  closely  squeezed  together 
that  the  whole  of  the  vacant  or  black  spaces  would  disappear.  But 
this  maximum  of  density,  or  apparently  complete  doing  away  with 
the  porosity  of  the  mass,  would  still  be  relative.  For,  as  we  have 
shown  in  a  preceding  paragraph,  what  would  be  termed  solid  bodies 
are  only  relatively  solid;  since  we  can  in  several  ways  and  in 
numerous  bodies  or  substances  prove,  by  demonstration  which  can 
be  seen  and  felt,  that  the  polarity  of  their  atoms  give  spaces,  or 
what  we  popularly  term  vacuities,  precisely  as  we  have  supposed  to 
be  represented  by  dark  squares.  So  that  the  maximum  of  density 
would  not  in  reality  be  reached  by  the  mere  disappearance  of  the 
black  spaces  or  pores,  brought  about  by  squeezing  together  the 
particles  till  they  lay  in  close  contact  with  each  other.  These  are 
formed,  or  owe  their  existence,  to  the  polarity  of  the  atoms  composing 
the  particles.  And,  as  we  have  said,  man  does  not  know  the  limit 
beyond  which  the  porosity  of  bodies  does  not  exist. 

Properties  of  Bodies  Selative,  not  Absolute. 

The  young  reader  will  see  how  closely  the  properties  of  bodies  we 
are  now  considering  affect  their  treatment,  and  how  by  varying  this 
a  vast  variety  of  effects  or  results  in  their  relative  constitutions  or 
conditions  are  placed  at  the  command  of  the  workman,  of  the  highest 
value  in  the  mechanical  arts  of  construction.  The  very  fact  that 
the  "  conditions  "  or  what  we  call  the  "  properties "  of  bodies  are 
relative,  which  at  first  sight  might  appear  to  the  student  to  be  a 
disadvantage,  is  in  reality  that  which  places  within  the  reach  of  the 
mechanical  worker  the  power  to  bring  about  those  changes  in  the 
conditions  of  bodies  which  he  requires  to  enable  him  to  do  his  work. 
And  the  youthful  student  may  at  first  sight  be  somewhat  puzzled  at 
the  statement  made  above,  that  man  knows  no  limit  to  density,  or 
conversely  to  porosity,  or  the  point  beyond  which  this  porosity  does 
not  exist;  inasmuch  as  he  may  have  a  difficulty  to  understand  how 
it  is  that  bodies  are  kept  in  any  distinct  or  special  condition,  so  that 
what  is  called  a  dense  body  is  not  in  reality  dense, — and  what  it  i« 
to  which  we  owe  certain  conditions  of  bodies  to  which  we  give  certain 
names,  as  porous  or  dense.  But  bearing  in  mind  what  we  have  said 
as  to  the  piu-ely  relative  conditions  or  properties  of  bodies,  and  refer- 
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ring  to  what  we  have  given  in  preceding  paragraphs  as  to  the  two 
great  laws  under  which  all  bodies  exist — namely,  attraction  and 
repulsion — it  would  appear  that  the  condition  of  any  body  at  any 
given  time  and  under  any  given  circumstances  depends  solely  upon 
a  balance  between  the  opposing  forces  of  attraction  and  repulsion 
existing  at  the  time.  How  that  balance  is  effected,  or  how  it  is,  as 
we  may  say,  secured,  and  how  it  is  retained  so  long  as  the  circum- 
stances remain  the  same,  we  do  not  know — probably  never  shall 
know.  We  by  no  means  ignore  the  value  of  what  would  result  to 
man  if  he  did  know  this  mysterious  "  balance "  of  opposing  and 
powerful  forces,  which  gives  us  in  one  body  a  liquid,  in  another  body 
a  solid,  and  in  a  third  an  aeriform  or  gaseous  substance ;  for  the 
more  clearly  we  know  the  laws  which  regulate  and  control  the 
conditions  of  bodies,  the  more  widely  and  practically  will  he  be  able 
to  modify  their  action.  And  that  there  is  a  law  which  regulates 
the  "balance"  now  noted,  we  have  no  doubt.  But  in  the  absence 
of  a  knowledge  of  what  it  is,  it  is  enough  to  know  that  man  by 
close  and  patient  observation,  and  by  no  less  patient  trials  and 
experiments,  has  discovered  a  vast  yariety  of  methods  by  which  he 
can,  so  to  say,  so*"  disturb"  what  may  be  called  the  natural  balance 
of  the  two  laws  which  regulate  the  ordinary  condition  of  bodies  as 
to  bring  about  changes  in  this  of  a  kind  the  practical  value  of  which 
in  his  daily  work  it  is  quite  impossible  to  overestimate.  And  he  is 
discovering  new  ways  of  disturbing  this  balance,  and  founding  upon 
them  new  processes  of  great  practical  value.  Many  of  the  simpler 
methods  of  disturbing  the  natural  balance  of  the  constituents  or 
particles  or  atoms  of  bodies  are  familiar  to  us  all.  We  take  a  bar 
or  rod  of  iron,  and  find  that  it  will  pass  through  a  hole  or  aperture 
of  a  given  size  when  it  is  cold,  or,  as  we  call  it,  in  its  "ordinary" 
condition,  as  lying  exposed  to  the  air.  We  place  it  in  the  ^e ;  and 
on  withdrawing  it  from  this,  so  highly  heated  that  it  has  in  the 
dark  a  dull  red  heat,  we  find  that  it  will  no  longer  pass  through  or 
into  the  aperture.  Here  the  "  balance  "  is  disturbed,  and  clearly  in 
the  direction  of  widening  the  pores  or  internal  spaces,  and  by  con- 
sequence causing  the  so-called  solid  particles  to  spread,  so  to  say, 
outwards,  thus  increasing  the  bulk  or  diameter  of  the  bar  or  rod ; 
so  that  its  bulk  is  now  larger  than  the  hole.  But  we  can  disturb 
the  balance  in  another  way.  For  let  us  suppose  conversely  that  we 
have  a  hole  of  a  given  diameter  of  section,  through  which  we  find 
that  a  bar  in  its  cold  and  ordinary  condition  will  not  pass,  it  being 
too  large  for  the  hole.  In  this  case  we  take  the  bar  and  subject  it 
to  hammering  upon  an  anvil ;  and  in  process  of  time  we  find  on  trial 
that  after  a  certain  amount  of  hammering  we  have  so  far  reduced  its 
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bulk  or  size  that  it  will  now  pass  through  the  hole  or  into  the 
aperture.     Here  we  have  obviously  caused  the  particles  to  go  closer 
together,  lessening  in  proportion  the  pores  or  black  spaces  as  sup- 
posed in  our  former  illustration  to  exist.     This  capability  of  having 
theii-  particles  or  atoms  so  disturbed  that  they  move  amongst  each 
other  and  assume  any  position  into  which  by  a  force  or  power  they 
are  made  to  take,  and  this  without  destroying  or  changing  what  we 
may  call  their  mechanical  properties,  belongs  to  certain  substances 
which  are  said  to  be  malleable,  or  capable  of  having  their  form  or 
shape — that  is,  their  molecular  arrangement  or  distribution  of  par- 
ticles— changed  without  in  any  way  changing  or  destroying  or  lessen- 
ing the  mechanical  value  of  the  substance  or  material.     The  word 
malleable  means  literally  this  (capable  of  being  hammered),  it  being 
derived  from  the  Latin  maUeus,  a  hammer,  from  which,  by  the  way, 
come  our  words  "  maul,"  to  beat, — vulgarly,  yet  most  appropriately, 
called  "  a  hammering,"  and  also  "  mall,"  the  mason's  hammer.    It  is 
not  every  material  which  is  malleable,  and  those  which  are  vary  so 
much  in  this  property  that  the  hammering  can  only  be  carried  to  a 
certain  point,  beyond  which  any  forcible  disturbance  of  their  particles 
changes  their  character  and  tends  to  weaken  the  substance.     Some 
are  so  little  malleable  that  any  attempt  to  hammer  them  simply 
results  in  their  being  broken,  or  having  their  particles  so  effectually 
disturbed  that  they  cannot  be  made  to  resume  their  original  property. 
The  two  extremes  of  malleability  may  be  said  to  be  represented  in 
the  substances  of  gold,  and  steel  in  a  certain  condition,  or  slate. 
Gold  may  still  be  said  to  be  the  most  malleable  of  all  materials,  it 
being  capable  of  being  beaten  or  hammered  into  leaves  or  plates  of 
such  inconceivable  thinness  that  it  takes  considerably  over  a  quarter 
of  a  million  of  them  laid  one  upon  another  to  give  the  thickness  or 
depth  of  an  inch.     Steel,  on  the  contrary,  in  a  certain  state  may  be 
said  to  be  the  least  malleable,  as  on  one  attempting  to  hammer  it, 
he  will  find  to  his  disappointment  that  it  will  break  as  easily  as  if  it 
were  glass,  which  is  the  emblem  of  brittleness — that  is,  in  its  ordinary 
condition. 

Fortunately  for  man  and  the  wide  and  varied  range  of  his  mechanical 
work,  iron  and  steel — prominently  the  "  useful  metals,"  and  so  called 
from  this  very  circumstance — are,  in  certain  conditions,  malleable  in 
a  high  degree.  This  would  seem  to  be  entirely  contradictory  to  the 
statement  just  made  as  to  the  brittleness  of  steel,  for  example.  But 
both  steel  and  iron  are  very  striking  examples  of  the  truth  we  have 
more  than  once  alluded  to ;  and  that  because  it  is  one  which  the 
young  reader  should  never  forget  or  lose  sight  of — namely,  that  all 
the  "  properties  "  so  called  of  the  bodies  or  substances  termed  mecha- 
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nical  are  purely  relative,  and  entirely  dependent  upon  the  condition 
in  which  they  are  at  the  time,  and  on  the  circumstances  under  which 
they  are  placed.  Thus,  iron  is,  as  we  have  said  above,  a  metal 
possessed  of  such  great  malleability  that  it  can  be  hammered  or 
shaped  into  various  foims,  some  of  them,  from  the  intricacy  of  their 
curves  and  the  fineness  of  their  lines,  coming  closely  up  to  the  graceful 
forms  met  with  in  trees  and  shrubs.  Yet  this  malleability  is  only 
met  with  when  iron  is  in  that  condition  known  as  "wrought" — 
that  is,  hammered,  squeezed,  pressed— or  "rolled,"  for  rolling  is 
squeezing  or  pressing ;  for  when  met  with  in  the  condition  known 
as  "  cast "  or  "  pig  "  iron  it  has  no  malleability,  but  may  be  broken 
or  smashed  up  as  one  breaks  up  glass  in  its  usual  condition.  So  also 
of  steel :  in  certain  conditions,  as  soft  and  "  untempered,"  it  can,  like 
wrought  iron,  be  hammered  and  shaped  at  the  will  of  the  workman  ; 
but  when  hard  and  tempered,  as  in  a  cutting  tool,  it  is  very  easily 
broken,  as  most  of  our  readers  know  who  have  had  much  to  do  with 
the  use  of  sharp  cutting  tools.  Even  the  most  thoughtless  of  youths 
would  know  almost  intuitively  that  it  would  be  utterly  useless  to 
attempt  to  alter  the  form  of  those  tools  by  hammering  them. 

Condition  of  Hatter  capable  of  being  Cbans^ed. 

This  capability  of  having  their  particles  or  molecules  changed  in 
position  without  having  their  integrity  destroyed  or  their  characters 
altered,  possessed  by  many  substances,  of  which  the  metals  are  the 
most  striking  examples,  is  of  the  greatest  service  to  the  mechanic. 
In  virtue  of  it  he  brings  about  changes  in  the  coadibion  of  bodies  by 
altering  the  circumstances  under  which  they  are  placed,  and  that  as 
a  rule  by  an  application  of  some  external  force.  Of  this  hammering 
— whether  it  be  done  by  the  muscular  force  of  the  body  or  by  the 
infinitely  greater,  practically  almost  resistless  power  of  the  steam  * 
hammer,  is  an  example.  Compressing,  condensing,  squeezing  or 
pressing  power  is  another,  which  is  quite  different  in  its  immediate 
effects,  those  being  slow  compared  with  the  quick  effects  of  the 
hammer  blow  or  impact ;  but  the  results  are  the  same — that  is,  the 
atoms  are  moved  and  so  changed  in  relation  to  each  other,  compared 
with  their  original  or,  as  we  may  call  it,  porous  condition,  that  they 
come  to  lie  closer  together,  and,  occupying  less  space,  give  to  the 
body  the  property  we  call  density.  Although  this  squeezing  or  con- 
densing process  is  carried  out  in  the  mechanical  operations  of  metal 
working  to  a  very  much  less  extent  than  is  the  process  of  hammering, 
which  gives  the  density  by  impact  or  blows,  still  it  is  largely  and 
most  effectively  used  in  many  pieces  of  work.  How  suggestive  to 
the  young  student  of  many  points  connected  with  the  molecular 
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disposition  of  metals  is  this  fact  in  metal  working :  that  we  can 
increase  the  diameter  of  the  bore  of  a  cylinder  to  the  required  ulti- 
mate dimensions  by  making  the  last  bore  rather  less  than  this,  and 
by  forcing  into  the  interior — while  the  cylinder  at  the  same  time 
revolves — ^a  steel  rod  or  "condenser,"  this  possessing  the  same  diameter 
as  the  ultimate  one  of  the  cylinder.  This,  as  it  is  forced  longitudi- 
nally into  the  small  bore,  squeezes  or  presses  the  molecules  of  the 
metal,  and  by  thus  causing  them  to  occupy  less  space  than  before, 
enlarges  the  diameter  to  the  dimension  required,  just  as  if  this  had 
been  done  by  simply  boring ;  but  with  this  remarkable  difference, — 
that  the  metal  in  the  interior  of  the  squeezed,  pressed  or  condensed 
parts  is  very  much  denser,  and  possesses  less  of  the  porosity  of  its 
original  condition,  although  that  might  have  been  pronounced  upon 
examination  by  the  eye,  or  otherwise,  to  be  anything  but  porous. 
And  the  other  curious  circumstance  is  this :  that  the  external  diameter 
of  the  cylinder  is  not  altered — that  is,  enlarged — which  at  first  sight 
the  student  would  suppose  to  be  the  natural  result  of  the  process ; 
the  molecules  being  pressed  from  the  inside,  naturally,  as  one  would 
think,  would  squeeze  or  force  the  external  molecules  outwards.  But 
the  inner  molecules  are  merely  squeezed  into  the  interstitial  spaces 
or  pores  of  the  metal;  which,  while  it  enlarges  the  internal  bore, 
does  not  affect  the  molecules  of  the  outer  rings  of  t^he  cylinder,  which 
remain  as  originally  arranged.  This  condensation  of  the  molecules 
of  metal,  or  increasing  of  their  density  by  a  steady  and  a  forcible 
pressure,  is  effected  in  more  ways  than  one  in  metal  working.  In 
place  of  giving  the  squeeze  or  pressure  by  special  mechanical  means, 
it  may  be  given  by  what  is  called  natural  pressure,  or  tlmt  of  gravi- 
tation. This  is  obtained  by  the  same  method,  and  acts  precisely  on 
the  same  principles,  as  in  the  hydraulic  experiment  of  giving  great 
pressure  to  the  sides  of  a  vessel  containing  water  by  carrying  up 
from  it  a  long  vertical  tube,  which  is  filled  from  the  top  with  water, 
and  by  which  what  is  technically  called  a  "head"  is  obtained,  and  in 
proportion  to  the  "  head  "  {i,e.  the  height  of  the  tube  or  the  column 
of  water  it  contains)  is  the  pressure  exerted  on  the  vessel.  The 
principle  here  involved  is  taken  advantage  of  by  the  iron  founder  or 
moulder,  in  giving  his  "  castings  "  a  gi^eater  density  than  they  might 
or  would  otherwise  possess.  This  is  exemplified  in  its  simplest  fashion 
by  casting  such  articles  as  pipes  or  cylindrical  vessels  of  greater  length 
than  diameter  in  a  vertical  positi6n ;  and  in  a  more  perfect  way  by 
making  special  arrangements  by  which  the  molten  metal  passes  down 
to  the  "  casting  "  proper  through  a  vertical  channel,  technically  termed 
a  "  head  "  or  a  "  dead-head,"  which  extends  a  greater  or  less  distance 
above  the  main  body  of  the  casting  or  its  mould. 
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Those  acquainted  with  the  peculiarities  of  the  steel  trade  know 
Sir  Joseph  Whitworth's  system  of  compressing  steel.  This,  reduced 
to  its  simplest  elements,  is  the  squeezing  or  pressing  together  of  the 
molecules  of  the  steel  in  a  molten  or  fluid  condition  by  pressure,  this 
being  that  of  the  hydraulic  press.  While  the  "  dead-head "  of  the 
iron  founder. gives  a  pressm*e  of  but  a  few  pounds  per  square  inch 
at  the  utmost,  in  the  Whitworth  process  one  of  several  tons  per 
square  inch  can  be  easily  obtained.  For  some  of  the  very  peculiar 
results  obtained  from  this  process,  and  the  light  which  it  may.  yet 
throw  upon  the  molecular  disposition  of  metals,  the  reader  should 
consult  the  elaborate  papers  read  by  Sir  Joseph  Whitworth  before 
the  Institute  of  Mechanical  Engineers  and  the  Iron  and  Steel  Insti- 
tute, and  the  able  discussions  which  followed  their  reading.  The 
molecular  disposition  of  Bessemer  steel,  now  used  in  such  enormous 
weights,  which  may  be  called  porous,  and  in  its  most 'aggravated 
form  giving  the  metal  that  dangerous  peculiarity  known  as  being 
"  honeycombed " — that  is,  having  throughout  its  mass,  even  in  the 
very  centre,  large  air  cells — is  one  of  the  peculiarities  which  has 
raised  a  doubt  in  the  minds  of  constructors  as  to  the  real  constructive 
value  of  Bessemer  mild  steel,  and  is  one  to  the  avoiding  or  getting 
rid  of  which  no  small  Attention  has  been  given.  Apparently,  from 
the  very  nature  of  the  Bessemer  process  of  steel  making,  the  gases 
formed  in  the  process  have  a  great  tendency  to  become  what  is 
technically  called  "  occluded,"  or  retained  within  the  mass,  and  to 
the  presence  of  these  gases  the  air  cells  or  honeycombed  parts  are 
due.  These  may  be  said  to  be  large  pores ;  and  if  the  solid  molecules 
surrounding  them  could  be  forced  into  them,  or  if  the  spaces  or  air 
cells  which  constitute  those  pores,  so  to  call  them,  could  be  got  rid 
of,  so  as  to  enable  the  molecules  to  lie  closer  together — that  is,  to 
increase  the  density  of  the  metal — its  constructive  value  would  be 
obviously  greatly  increased.  The  object  of  the  Whitworth  process, 
above  noticed,  is  to  get  rid  of  the  occluded  gases,  forcing  them 
outwards,  and  passing  them  through  the  outer  molecules  into  tte 
air,  and  further,  by  the  mere  force  of  the  mechanical  pressure 
employed,  to  squeeze  the  molecules  at  the  same  time  very  closely 
together.  But  the  Whitworth  process  is  but  a  slow,  and  it  certainly 
is  an  expensive  one,  applicable  chiefly,  if  not  only,  to  cases  where 
steel  of  a  very  high  constructive  value  is  required  for  special  purposes, 
as  for  rifles,  cannon,  or  ordnance — for  which,  in  fact,  Sir  Joseph 
introduced  his  system  of  compression  by  hydraulic  power.  The 
chemist,  the  druggist,  and  many  employed  in  various  branches  of 
the  industrial  arts,  are  well  acquainted  with  the  changes  which  take 
place  in  the  constitution  or  physical  peculiarities  of  a  mass  of  liquid 


268    THE  TECHNICAL  STUDENT's  INTRODUCTION   TO   MECHANICS. 

or  semi-liquid  substances  by  the  simple  process  of  stirring  it.  If 
the  mass  be  made  up  of  different  substances,  these,  when  first  put 
into  the  vessel,  may  lie  very  loosely  together — the  mass  being  ex- 
ceedingly porous,  so  to  say.  Stirring  has  the  effect  of  bringing  the 
particles  together,  so  that  they  lie  closely ;  and  if  a  number  of  semi- 
liquid  substances,  of  different  colours,  be  used,  the  regular  mixture 
of  these  will  be  made  obvious  by  the  process  of  stirring.  If  air 
bubbles  collect,  as  they  seem  in  some  substances  very  readily  to  do, 
these  will  be  got  rid  of — be  squeezed,  in  fact,  out  of  the  mass  till 
the  whole  becomes  homogeneous.  This  simple  and  ancient  process, 
with  which  every  housekeeper  is  familiar,  has  been  applied  with 
decided  success  to  the  Bessemer  steel  making  process.  And  although, 
like  many  simple  methods  of  doing  a  thing  very  much  wanted,  it  is 
being  pooh-poohed  by  some  who  would  very  likely'have  given  it  a 
different  reception  had  the  object  been  gained  by  some  more  com- 
plicated and  therefore  clewer-looking  system;  and  although  it  has 
not  been  universally  or  even  very  extensively  used,  still,  wherever  it 
has  been  employed,  its  success  has  been  so  marked  that  there  seems 
little  doubt  but  that  the  method,  all  simple  though  it  be  in  principle, 
and  not  difficult  to  be  carried  out  in  practice,  will  be  universally 
adopted — so  long,  at  least,  as  the  initial  steps  of  the  Bessemer  steel 
making  process  remain  as  they  are.  It  certainly  speaks  volumes  in 
favour  of  the  stirring  system  of  rendering  Bessemer  steel  dense  and 
free  from  blow-holes  or  honeycombing,  that  Sir  Henry  Bessemer  is 
himself  altogether  in  favour  of  it — claims,  indeed,  that  he  years  ago 
had  anticipated  the  present  invention  of  the  stirring  method  by 
pointing  out  its  necessity  and  showing  how  it  could  be  done,  but 
which  circumstances  prevented,  him  from  introducing  into  practice. 

Miztnre  of  Materials  or  Bodies.— Alloys. 

How  purely  relative  the  term  density,  and  hence,  by  consequence, 
the  dense  condition  of  bodies  is,  is  well  exemplified  in  the  mixture 
of  metals,  as  in  the  formation  of  "  alloys,"  and  in  making  different 
qualities  of  metals,  as  in  the  case  of  cast  iron.  The  phenomena  here 
do  not  come  within  the  category  of  disturbances  of  the  " balance"  of 
the  two  laws  which  regulate  all  bodies,  as  explained  in  a  preceding 
paragraph,  but  are  dependent  upon  changes  in  the  condition  of  the 
particles  which  come  about,  so  to  say,  naturally,  when  a  change  of 
circumstances  is  made.  This  is  familiarly  illustrated  in  the  case  of  a 
barrel  filled  with  large  and  irregularly  shaped  stones.  These,  from 
their  very  shape,  cannot  lie  closely  in  contact,  but  leave  large  spaces 
between  them.  Into  these  spaces  we  may,  by  shaking  the  mass  of 
gtones  thoroughly,  or  by  other  means,  pas3  or  force  pebbles,    ThesQ 
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again,  being  of  different  forms,  will  not  lie  close  to  each  other,  but 
will  leave  vacant  spaces  between  them.  Into  those  we  can  pass  still 
smaller  pebbles,  these  again  forming  space**  into  which  finally  we 
pass  sand, — when,  as  the  eye  may  judge,  there  are  no  spaces  into 
which  material  could  be  passed,  although  by  employing  sand  of  gra- 
dually decreasing  fineness,  and  ultimately  dust,  we  could  get  a  still 
larger  quantity  of  material  into  the  vessel.  Here  we  now  have  no 
longer  a  mass  of  exceedingly  porous  material,  as  with  the  original 
stones  in  the  barrel,  but  a  dense  mass.  This  weighs  now  very  much 
more  than  the  original  weight ;  for  to  the  weight  of  the  stone  we 
have  added  that  of  the  pebbles,  and  to  the  new  weight  thus  obtained 
we  have  added  that  of  the  gravel,  and  finally  to  this  the  weight 
of  the  sand.  Yet  it  is  obvious  that  we  have  not  increased  the 
bulk  or  size;  for  the  whole  of  the  different  materials  are  still 
contained  within  and  bounded  by  the  walls  of  the  barrel.  We  have 
merely  filled  up  the  pores  of  the  original  substance — so  to  call  the 
stones. 

But  the  molecular  disposition  of  mixtures  of  substances,  as  in  the 
case  of  alloys  in  metals  and  of  solutions  in  liquids,  presents  some 
very  curious  phenomena,  specially  worthy  of  the  close  attention  of 
the  mechanical  student.  In  those  the  density  is  so  increased  that 
the  bulk  or  space  occupied  by  the  two  is  actually  less  than  the  space 
which  would  be  taken  up  by  the  two  metals  or  fluids  in  their  separate 
condition.  A  very  marked  example  is  furnished  us  by  the  alloy  of 
copper  and  tin — 90^  of  copper  and  9|  of  tin — forming  the  metal 
known  as  gun-metal  or  bronze.  Here  the  bulk  or  space  occupied 
by  the  two  when  melted  together  is  less  by  one-fifteenth  than  that 
which  would  be  taken  up  by  the  two  metals  in  their  normal  or 
ordinary  condition.  There  can  be  only  one  conclusion  in  this  case 
at  which  we  can  arrive :  namely,  that  the  molecules  of  the  one  metal 
which  are  the  smallest  or  finest — which  is  the  tin — must  pass  into 
and  find  room,  to  use  familiar  language,  within  the  spaces  or  pores 
of  the  other  and  the  coarser  metal,  the  copper.  And  the  same 
action  must  take  place  in  the  case  of  a  mixture  of  oil  and  yrater, 
— of  which  if  we  take  a  quart  of  each,  they  "will  not  make  together 
two  quarts,  but  so  much  less  in  a  certain  proportion  than  this  bulk. 
We  have  also  a  parallel  case  in  the  dissolving  of  sugar  or  other  like 
substance :  we  have,  as  the  result  of  the  mixture,  always  a  less  bulk 
than  is  really  due  to  the  united  condition  of  the  two  under  their 
ordinary  circumstances.  Here  we  may  find  a  lesson  as  to  the  purely 
relative  condition  of  bodies  giving  certain  properties  to  which  we 
give  particular  names.  Popularly,  the  sugar  being  melted,  it  is  said 
that  it  disappears^  and  is  lost ;  but  it  is  only  that  its  condition  is 
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changed  :  the  molecules  or  particles  of  the  sugar  are  still  there,  only 
under  another  form ;  and  by  a  certain  process  the  original  condition 
may  be  restored.  In  nature  there  is  no  such  thing  as  actual  dis- 
appearance: it  is  merely  a  change  in  condition;  and  in  the  great 
variety  of  physical  substances  there  is  an  infinite  variety  of  changes, 
which  give  rise  to  the  purely  relative  conditions.  The  importance  of 
"  condition  "  the  student  must  bear  in  mind  in  all  cases  when  he  is 
considering  physical  bodies  or  substances. 

The  points  connected  with  what  are  called  alloys  of  metals  open 
up  considerations  of  the  utmost  value.  An  alloy  is  simply  a  mixture 
or  combination  of  two  or  more  metals ;  and  by  experimenting  and 
trials  of  the  resulting  alloys  man  has  succeeded  in  obtaining  for  his 
various  purposes  what  practically  are  to  him  new  metals,  although 
they  are  made  up  of  other  old  bodies.  Numerous  as  those  new 
metals  are,  and  valuable  as  they  have  been  for  the  purposes  of  the 
mechanic,  there  is  every  reason  to  believe  that  he  will  yet  by  a 
wides  range  of  experiments  discover  alloys  or  mixtures  still  more 
valuable. 

In  all  those  mixtures  which  we  call  "  alloys  "  (the  word  is  derived 
from  the  French  aloyer^  to  make  or  reduce  or  change  according  to 
law — ci  la  lot)  the  molecular  changes  have  a  distinct  relation  to  the 
particular  bodies  employed,  and  in  all  a  change  in  their  relative 
condition,  to  which  the  name  of  density  is  given,  occurs.  In  no 
department  of  the  work  of  the  mechanic  has  this  system  of  changing 
the  relative  conditions  of  density  of  metals  or  mixtures  of  metals 
been  so  marked  or  so  useful  as  in  that  of  the  iron  founder,  and  in 
the  recently  enlarged  and  greatly  extended  field  of  work  of  the 
modem  steel  maker.  By  judicious  combinations  of  the  different 
materials  he  has  at  command  the  iron  founder  can  obtain,  by  the 
employment  of  but  a  few  metals  or  qualities  of  cast  iron  or  "  pig,*' 
a  very  wide  variety  of  mixtures  or  alloys,  each  one  possessing  its 
own  peculiar  mechanical  properties.  All  those  mixtures  depending 
upon  the  different  relations  the  particles  have  to  each  other,  and  the 
positions  they  assume  when  in  a  fluid  condition  being  retained  when 
cold, 'the  mechanic  has  at  command  metals  possessing  peculiarities 
useful  for  his  specific  purpose. 

The  following  are  a  few  of  the  alloys  useful  to  the  practical  mechanic. 
"  Brass"  used  in  machine  making,  16  parts  of  copper,  2|  of  tin,  and 
J  of  zinc.  A  tougher  brass  is  thus  made  :  copper  10  parts,  tin  1|, 
and  zinc  1|.  What  is  called  "gun  metal,"  used  for  various  parts 
of  machines,  as  bearings  or  bushes  for  joints  of  shafts,  is  composed 
of  1 1  parts  of  copper  and  2  of  tin.  Another  and  a  better  proportion 
of  the  two  met£ds  is  copper  9  parts^  tin  1  part.     Although  copper  is 
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one  of  our  most  malleable  and  ductile  metals  in  common  use,  as  tin 
also  is  very  malleable  and  is  also  ductile,  it  is  a  remarkable  fact,  as 
showing  the  singular  change  which  must  take  place  in  the  molecular 
disposition  of  the  respective  metals  to  form  what  may  be  called  the 
new  metal,  which  is  no  longer  ductile  or  capable  of  being  drawn  or 
rolled  out.  And  on  the  same  point  of  curious  change  of  properties 
of  the  two  metals  constituting  the  alloy,  if  we  wish  to  increase  its 
hardness,  we  do  not  increase  the  proportion  of  the  hard  but  of  the 
softer  metal — that  is,  we  add  some  of  the  tin.  If  we  make  the 
proportion  of  tin  equal  to  one-sixth  of  the  weight  of  the  alloy,  we 
have  the  maximum  degree  of  hardness.  What  is  called  bell-metal 
is  an  alloy  of  copper  and  tin,  one-fourth  part  of  the  latter,  or  four 
parts  tin  to  sixteen  of  copper.  When  lead  is  used  with  the  copper 
in  place  of  tin  we  get  a  very  soft  metal — sometimes  called  pot-metal. 
If  we  use  the  metals  antimony  and  lead,  the  first  of  which  is  a  hard 
brittle  and  the  second  a  soft  ductile  metal,  we  get,  when  we  mix  or 
melt  them  in  the  proportion  of  six  parts  of  lead  to  one  of  antimony, 
a  metal  somewhat  flexible  or  capable  of  being  bent,  harder  than  lead 
and  softer  than  metal,  which  is  used  for  printers'  types  of  the  larger 
sizes.  By  making  the  proportions  different — reducing  the  lead  to 
three  parts  and  still  keeping  one  part  of  antimony — we  get  the 
*•'  type  metal,"  which  is  used  for  the  smaller-sized  letters,  but  which 
is  so  altered  in  properties  that  it  is  very  hard  and  brittle,  and  is 
incapable  of  being  bent,  as  it  lacks  flexibility.  By  altering  the  pro- 
portions of  the  two  metals,  increasing  either  the  lead  or  the  anti- 
mony, we  get  an  alloy  approaching  in  softness  to  the  lead  or  in 
hardness  to  the  antimony  in  proportion  as  we  make  the  increase. 
In  these  alloys,  and  those  of  tin  and  lead,  which  in  various  propor- 
tions make  what  is  called  "  pewter"  of  different  qualities,  the  metal& 
used  as  the  bases  of  the  alloys  seem  only  to  have  their  constituents 
somewhat  modified,  the  general  properties  still  remaining;  but  in 
the  alloys  of  copper  and  tin,  which  form  gun-metal  and  bell  metal, 
we  have  new  sets  of  properties.  In  brass,  which  is  an  alloy  of  copper 
and  zinc,  we  have  a  metal  which  is  not  fitted  for  turning  in  the 
lathe,  although  it  may  be  hammered ;  but  by  adding  a  third  metal, 
as  lead,  we  get  a  quality  of  brass  which  is  readily  turned  in  the 
lathe ;  and  by  adding  tin  in  place  of  lead  we  get  the  tough  brass  of 
which  we  have  already  given  the  proportions.  As  another  example 
in  which  certain  alloys  seem  to  bring  into  existence  quite  new  pro- 
perties, we  name  the  metal  called  "  speculum,"  or  that  used  for  the 
brilliant  polish  which  can  be  given  to  its  surface  in  telescopes,  mirrors 
or  reflecting  surfaces.  This  is  an  alloy  of  copper  and  tin — two  parts 
of  the  first  to  one  of  the  second ;  and  it  is  so  hard  that  it  cannot 
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be  operated  upon  with  steel  tools,  and  so  brittle  that  it  flies  in  pieces 
like  glass  when  hammered ;  in  its  white  colour  the  redness  of  the 
copper  is  not  visible.  The  ductility  of  alloys  varies :  as  a  rule  the 
ductility  (see  next  paragraph)  is  less  than  the  natural  degree  of  this 
property  in  the  more  ductile  of  the  metals  used  in  the  formation 
of  the  alloy.  In  a  combination  of  brittle  and  ductile  metals,  the 
rule  is  that  a  brittle  alloy  is  obtained  if  the  metals  be  equal  or 
about  equal,  the  brittle  metal  possessing  the  greatest  influence  in 
the  modification  of  the  original  or  the  formation  of  new  properties ; 
all  alloys  of  brittle  metals  are  brittle  in  property.  In  a  mixture  of 
ductile  and  brittle  metals,  by  largely  increasing  the  proportion  of 
the  ductile  metals  we  get  a  ductile  alloy.  One  great  advantage  to 
the  mechanic  possessed  by  alloys  is  their  increased  cohesion  or  powers 
of  resistance  to  tensile  strains  tending  to  draw  or  pull  them  asunder. 
Thus  the  cohesive  strength  of  gun-metal  made  of  10  parts  copper  to 
1  of  tin  is  32,093  lb.  to  the  square  inch,  while  the  cohesion  of  copper 
may  be  taken  at  22,000  lb.  to  the  inch  and  that  of  tin  at  6,650. 
The  strongest  alloy  of  this  class,  which  has  a  cohesive  strength  of 
44,071  lb.  to  the  square  inch,  is  that  in  which  the  proportion  of  6 
to  1  is  followed — 6  parts  copper  to  1  of  tin.  Alloys  in  mechanical 
work,  such  as  brass  or  gun-metal,  are  generally  w^orked  in  their  cold 
condition ;  thus,  alloys  of  the  softer  metals,  such  as  zinc,  tin  or  lead, 
when  melted  with  the  less  fusible  or  less  easily  melted  metals,  such 
as  copper,  become  very  brittle  when  heated,  and  cannot  be  hammered 
but  with  exceeding  risk  of  breakage.  The  alloys  fusible  or  capable 
of  being  melted  at  comparatively  low  temperatures  are  called  as  a 
rule  solders.  Alloys  of  this  description  are  generally  more  easily 
melted  than  the  metal  which  forms  the  chief  constituent  of  the  alloy. 
When  a  solder  is  made  of  the  same  metal  as  the  two  pieces  of  metal 
which  it  is  intended  to  join,  it  is  called  a  hard  solder,  and  the  hard 
metal  is  mixed  with  a  softer  metal.  The  solder  used  by  the  tin-plate 
worker  for  joining  pieces  of  tin-plate  together  is  composed  of  tin  and 
lead,  1  part  of  tin  to  2  of  the  softer  metal.  A  solder  for  copper  is 
composed  of  8  parts  of  copper  and  1  of  zinc.  A  solder  for  iron  is 
copper  and  zinc  in  equal  parts.  A  harder  solder  of  the  same  kind 
is  6  parts  of  copper,  1  of  tin,  1  of  zinc.  The  action  of  the  air  upon 
an  alloy  is  as  a  rule  less  detrimental  than  it  is  upon  the  undivided 
metals  of  which  it  is  composed.  Generally  it  may  be  stated  that  the 
fusible  or  melting  point  of  an  alloy  is  lower  than  the  melting  point 
of  the  least  easily  fusible  metal  of  which  the  alloy  is  composed. 
Even  when  the  alloy  is  made  up  of  metals  possessing  the  same  or 
nearly  the  same  melting  point,  the  fusible  point  of  the  alloy  is  lower 
than  that  of  the  least  fusible  metal.     One  of  the  most  remarkable 
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alloys  in  this  respect  is  that  of  bismuth,  lead  and  tin,  in  the  propor- 
tions respectively  of  8;  5,  and  3.  The  melting  point  of  bismuth  is 
500°,  of  lead  600°,  and  of  tin  442°,  the  mean  of  which  gives  520° ; 
yet  the  alloy  melts  in  boiling  water  or  even  in  hot  water  of  the 
temperature  of  200°,  or  as  low  as  180°.  This  alloy  may  be  used 
for  steam  boilers,  to  form  what  is  called  a  fusible  plug;  the  metals 
being  mixed  in  varying  proportions  to  suit  different  melting-point 
temperatures. 

Properties  of  Bodies. — DactUity. — The  Flow  of  Hetals. 

In  one  paragraph  describing  the  property  of  bodies  to  which  the 
name  of  "  malleability  "  has  been  given,  or  the  capability  which  some 
bodies  possess  of  being  "  hammered  " — that  being  the  derivative  and 
indeed  true  meaning  of  the  term — the  young  reader  will  have  per- 
ceived that  in  the  process  of  hammering,  say^  an  iron  bar  or  rod,  so 
that  its  particles  were  being  made  to  go  nearer  together  and  thus 
making  the  iron  more  dense,  there  would  be  in  some  cases  a  very 
marked  dual  change  in  the  form  of  the  bar  or  rod.  Thus,  while  the 
particles  become  denser  through  the  hammering,  the  diameter  or 
bulk  of  the  rod  would  be  lessened  or  decreased  while  at  the  same 
time  the  length  woulii  be  increased.  In  the  technical  language  of 
the  workshop  the  bar  would  be  "  drawn  out,"  or  in  common  language 
it  would  be  extended  or  made  longer.  To  this  property  or  capability 
of  being  drawn  out  or  lengthened  the  name  of  ductility  is  given. 
The  name  is  derived  from  the  Latin  duco,  I  lead.  In  other  words,  a 
material  is  capable  of  being  led  in  a  certain  direction,  this  in  the 
case  of  metals  generally  being  in  that  of  length  or  elongation.  •  Just 
as  the  change  from  porosity  to  density  in  a  body,  as  a  metal,  is 
caused  by  the  particles  changing  their  position  in  relation  to  each 
other,  so  there  must  of  necessity  be  a  movement  amongst  them ;  and 
the  young  reader  will  perceive  that  some  bodies  possess  particles 
more  easy  to  be  moved  than  others.  Now,  just  so  in  the  case  of  a 
metal  "  drawn  out "  or  elongated :  the  student  will  perceive  that  the 
process  could  not  be  attainable  unless  the  particles  had  a  capability 
to  move  amongst  each  other ;  and  that,  by  consequence,  in  proportion 
to  the  ease  with  which  this  movement  could  be  made  would  be  the' 
property  of  ductility.  To  use  a  common  expression,  the  particles  of 
a  body  being  drawn  out  to  a  much  greater  length  than  was  its 
original  condition,  would,  in  the  very  act  of  being  drawn  out,  seem 
to  flow  along.  The  young  reader  will  perhaps  be  surprised  to  learn 
that  solid  bodies — as  lead,  for  example — are  in  one  sense  fluid  even 
in  their  solid  condition,  and  that  the  tendency  of  their  particles  to 
move  easily  in  the  direction  in  which  they  are  "  led  "  (or  forced) — ^in 
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other  words,  their  tendency  to  flow  along — has  been  taken  advantage 
of  in  many  mechanical  operations.  The  phenomena  attendant  upon 
this  "flow  of  metals"  in  their  ordinary  condition — that  is,  while 
unmelted  by  heat — are  exceedingly  interesting  to  the  mechanic. 
Although  there  seems  something  incongruous  in  the  phrase  "  flow  of 
metals,"  still  in  one  sense  it  is  strictly  true,  the  pai-ticles  under 
certain  conditions  flowing  continuously  along,  as  the  metals  which 
they  form  are  elongated  or  drawn  out.  Possibly  the  terms  "  move- 
ment of  the  particles  of  metal  in  certain  directions,"  or  "the  squeezing 
out  of  the  particles,"  might  give  a  clearer  notion  of  the  action.  But 
under  certain  conditions  metals  can  be  said  literally  to  flow  out  of 
or  through  an  aperture,  just  as  certainly  as  the  metals  can  be  made 
to  do  so  in  a  fused  or  melted  condition.  Nevertheless  the  action  will 
be  more  readily  comprehended  if  we  say  that  metals  can  be  squeezed 
out,  just  as  any  plastic  substance,  such  as  clay,  can  by  the  hands  be 
squeezed  out  or  forced  through  an  aperture ;  or  as  the  pressure  on 
the  clay  in  a  brick-making  machine  forces  the  clay  through  apertures 
or  "  dies  "  in  any  form  which  maybe  desired.  It  is  almost  impossible 
for  the  young  reader  to  comprehend  how  a  body,  such  as  iron,  steel 
or  copper — or  to  take  the  softer  and  more  impressible  substance,  lead 
— can  be  extended  or  lengthened  as  in  the  work  of  hammering  or 
beating,  or  be  drawn  out  or  lengthened  as  in  wire  drawing,  without 
conceiving  some  action  analogous  to  a  flowing  along  or  out  of  the 
particles.  It  must  always  be  borne  in  mind  by  the  young  reader 
what  we  have  said  in  preceding  paragraphs  as  to  the  physical  con- 
struction— so  to  use  a  term  convenient  enough,  which,  if  not  strictly 
accurate,  is  sufficiently  so  as  to  convey  a  fair  idea  of  the  point  involved 
— of  all  bodies,  as  made  or  built  up  of  an  infinite  number  of  minute 
parts  or  atoms  or  molecules  or  particles.  In  the  metals  which  possess 
the  properties  we  have  described  as  malleability  and  ductility — pro- 
perties which,  in  large  measure,  are  so  alike  that  they  may  be  used 
as  synonymous,  although,  as  we  have  seen,  there  are  exceptions  to 
this — these  minute  bodies,  generally  in  the  science  of  physics  dis- 
tinguished by  the  name  of  molecules — must,  in  order  to  get  a  right 
conception  of  the  property  which  they  seem  to  possess  of  "  flowing  " 
or  "moving  out,"  be  conceived  of  by  the  young  reader  not  as  little 
globules  or  spheres,  generally  termed  grains,  but  as  cylinders  or  as 
bodies  possessing  greater  length  than  breadth.  For  with  this  "flow" 
of  metals  must  be  associated  the  idea  of  connection  of  one  molecule 
or  particle  with  another,  a  "holding  on,"  to  use  a  popular  term,  by 
one  another — so  that,  as  one  is  pulled  or  dragged  along,  it  has  such 
a  grip  on  its  neighbour  that  it  pulls  or  drags  it  along  with  it  also. 
We  here,  as  elsewhere^  use  popular  or  common  terms  to  indicate 
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certain  scientific  facts,  which,  although  not  always  strictly  accurate, 
convey  pretty  clearly  ideas  or  conceptions  of  certain  conditions  of 
matter  or  of  hodies  in  a  way  better  than  if  we  employed  other  terms 
of  a  more  strictly  scientific  character.    There  are,  indeed,  some  purely 
scientific  conditions  and  actions  which  cannot  at  all  be,  certainly  not 
easily,  understood  without  the  use  of  words  and  phrases  understood 
by  all.     Now,  this  grip  or  hold  of  the  molecules  of  malleable  or 
ductile  metals,  which  we  have  asked  the  young  reader  to  think  of  in 
connection  with  the  flow  of  metals,  is  obviously  more  readily  under- 
stood if  we  associate  with  the  term  molecules  the  idea  of  longish  and 
thin,  than  of  absolutely  round,  globular  or  spherical  bodies.     Globes 
and  spheres  touch  only  at  one,  and  that  the  smallest  point ;  and  we 
must  first  conceive  of  the  globes  being  flattened  at  the  point  of 
contact  before  one  can  take  a  hold  or  a  grip  of  the  other — assuming 
always  the  existence  of  a  something  which  attracts  or  causes  them 
to  come  together  and  retain  their  hold  of  each  other,  or  makes  them 
cohere  or  stick  together.     This  coherence  can  never  be  strong,  com- 
paratively speaking,  in  the  case  of  globular  or  spherical  granular 
molecules  or  bodies,  for  the  reason  stated — the  small  point  of  actual 
contact  between  them.     Hence  it  is  that  cast  iron,  the  molecules  or 
particles  of  which  are  globular,  or  at  least  granular,  is  so  easily 
broken  or  ruptured ;  while  we  have  wrought  iron  so  tough  or  strong 
that  it  is  exceedingly  difficult,  practically  impossible  by  simple  ham- 
mering, to  break ;  it  will  be  bent,  and  only  by  repeated  bending  in 
contrary  directions  can  it  be  broken  or  ruptured.     And  it  is  in 
wrought  iron  in  which  the  longish  form  of  the  molecules  is  found ; 
hence  we  say  the  construction  of  wrought  iron  is  fibrous,  while  that 
of  cast  iron  is  granular.     And  it  is  in  connection  with  fibres  that 
the  young  reader  will  obtain  his  best  condbption  of  the  characteristic 
which  is  designated  as  the  flow  of  metals.     If  he. will  take  a  small 
mass  of,  say  cotton  fibre  or  of  wool,  after  it  has  undergone  the 
process  of  "  carding  "  or  '^  scubbling,"  and  taking  hold  with  one  hand 
of  one  part,  the  other  being  held  firmly  by  the  other  hand,  separate 
the  mass  into  two  parts,  closely  examining  the  process  the  while,  he 
will  see  how  the  fibres  take  such  a  grip  or  hold  of  each  other  that 
they  flow  out,  so  to  say,  in  a  stream  more  or  less  continuous.     Now, 
this  conception  of  the  relation  of  the  molecules  or  parficles  one  to 
another,  the  form  of  which  is  longish  rather  than  broad,  hair-like  or 
fibrous,  and  of  these  fibres  having  such  a  hold  or  grip  of  each  other, 
being  obtained  by  the  young  reader,  he  will  be  able  better  now  to 
understand  what  is  meant  by  the  term  '*  fiow  of  metals,"  and  how 
this  flow  must  always  be  associated  with  the  conception  of  the  pro- 
perties of  bodies  known  as  malleability  and  ductility.     And  he  will 
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further  be  able  to  understand  bow  it  is  under  continuous  pressure, 
or  by  repeated  blows  or  impacts,  that  this  flow  is  created  and  main- 
tained ;  and  further,  that  the  amount  of  pressure  or  the  number  of 
blows  given,  and  the  extent  of  the  time  under  which  those  influences 
act,  will  vary  with  various  metals — some  being  easily  impressible,  so 
to  say,  as  lead,  others  being  less  easily  so,  as  steel — but  that  in  all 
cases  it  is  a  mere  question  of  power  of  pressure,  of  blows,  or  of 
impact  (see  elsewhere  in  this  volume  for  the  meaning  of  this  term), 
and  of  the  extent  of  time  during  which  they  are  applied,  that  decides 
whether  the  flow  of  the  metals  shall  be  accomplished.  In  the  case 
of  metals,  it  is  the  pressure  or  force  applied — how,  we  shall  presently 
see — which  causes  the  flow,  and  the  shape  or  form  which  the  metals 
assume  is  dictated  by  the  form  of  the  die  or  aperture  through  which 
the  flow  passes ;  just  as  the  section  of  a  pipe  gives  to  water  its  own 
shape  or  form  while  passing  from  the  vessel  in  which  the  water  is 
entered,  and  from  which  it  flows,  the  force  in  this  case  being  that 
known  as  gravity  or  attraction  of  gravitation,  already  in  another 
part  of  this  volume  treated  of ;  the  amount  of  this  force  of  gravity 
acting,  so  to  say,  upon  the  water,  being  due  to  and  measured  by  the 
height — technically  called  the  "head,"  or  sometimes  the  "fair* — of 
the  water  in  the  vessel  from  which  it  flows.  That  this  flowing 
property  is  a  characteristic  of  metals,  just  as  much  as  fluidity  is  a 
property  of  water  or  of  viscous  fluids,  such  as  treacle  or  other  sweet 
syrup,  tar  or  melted  glue,  has  been  abundantly  proved  by  the  many 
processes  in  the  industrial  arts  which  depend  wholly  for  their  opera- 
tion upon  this  property.  The  fluidity  is  merely  a  question  of  degree, 
and  time  and  pressure  or  mechanical  force  will  do  in  the  case  of 
metals  what  time  with  gravity  will  do  in  that  of  water.  And  it  is 
a  somewhat  suggestive  circumstance,  as  showing  that  the  flow  of 
metals  is  identical  with  that  of  water,  varying  only  in  the  charac- 
teristics of  their  movements  from  that  fluid,  not  varpng  in  the 
principle  upon  which  the  flow  takes  place,  that  M.  Tresca — to  whose 
scientific  acumen  and  skill  the  world  is  indebted  for  first  making 
known  the  phenomena  of  the  flows  of  metals  and  naming  the  law 
or  laws  which  dictated  these — has  shown  that  the  particles  or  mole- 
cules of  a  mass  or  body  of  metal,  placed  under  pressure  and  confined 
within  a  die*or  receptacle  from  which  it  is  forced  by  the  mechanical 
prossure,  observe  the  same  law  which  leads  the  particles  of  water  to 
trend  or  converge  to  the  orifice  at  the  lower  part  of  a  vessel  in  which 
it  is  contained,  flowing  thereto  from  all  parts  of  the  vessel.  And 
further,  just  as  it  is  known  that  the  shape  or  section  of  the  orifice, 
or  of  the  pipe  or  tube,  by  which  it  escapes  or  passes  from  the  vessel, 
has  a  marked  influence  on  both  the  character  and  the  rate  of  the 
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flow  of  the  water  from  the  vessel,  creating  cross  currents  and  eddies, 
so  are  the  same  phenomena  met  with  in  the  case  of  metals  flowing 
from  a  confined  space  under  great  mechanical  force  or  pressure,  and 
for  this  important  truth  the  scientific  world  is  also  indebted  to  the 
researches  of  M.  Tresca.  The  facts  and  principles  deduced  therefrom 
by  this  scientist  in  connection  with  the  flow  of  metals  are  so  important 
as  bearing  upon  an  exceedingly  wide  variety  of  mechanical  operations 
in  the  workshop  of  the  machinist  and  the  work  of  industiial  pro- 
cesses, that  we  shall  do  our  young  mechanical  readers  a  great, 
practical  service  if  we  here  draw  their  attention  to  some  of  them. 

Properties  of  Bodies  — Points  connected  with  the  Motion  of  Hetals. 

We  cannot  find  space  to  go  into  all  the  interesting  points  taken 
up  by  M.  Tresca,  any  more  than  for  even  the  briefest  of  descriptions 
of  those  mechanical  operations  and  industrial  processes  to  which  we 
have  alluded  at  the  end  of  last  paragraph.  Nor  is  this  detailed 
account  necessary  for  the  purposes  of  om*  volume ;  for  these  it  will 
suffice  if  we  refer  briefly  to  the  most  important  of  the  conclusions 
arrived  at  on  this  subject,  so  full  of  practical  suggestions  to  the 
student  of  mechanics,  and  confine  our  references  to  the  leading  pro- 
cesses by  which  the  laws  of  the  fluidity  of  metals  are  practically 
taken  advantage  of  in  doing  work  of  various  kinds  useful  to  man. 
The  first  conclusion  arrived  at  by  M.  Tresca  is  that  solid  bodies  can 
have  their  form,  shape,  or  configuration  changed  or  modified  accord- 
ing to  fixed  laws,  and  this  when  forces  of  sufficient  magnitude  are 
brought  to  bear  upon  them ;  and  by  placing  in  the  direction  of  the 
flow,  or  what  we  may  call  the  current  of  the  solid  particles,  certain 
obstacles,  such  as  "  dies,"  the  current  is  so  influenced  that  a  change 
of  form  is  compelled  in  what  may  be  called  the  section  of  the  current, 
this  proceeding  in  a  fixed  direction.  This  produces  what  in  effect  is 
as  much  a  "  jet,"  although  it  is  a  solid  mass  of  metal  which  is  being 
dealt  with,  as  is  the  jet  properly,  at  all  events  popularly  so  called, 
produced  by  water  forced  or  squirted  out  from  a  vessel  by  the  action 
of  a  plunger  or  piston  forced  down  mechanically,  or  by  the  action 
of  gravity,  or  the  pressure  due  to  the  "  head  "  or  "  fall,"  or  height 
or  depth  of  water  in  the  vessel,  which  latter  is  what  may  be  called 
the  natural  way.  This  process  of  squirting  is  practically  carried 
out  in  the  formation  of  rods  or  large  wires,  or  of  tubes  or  pipes  of 
lead  and  tin,  or  of  what  may  be  called  a  combination  pipe,  in  which 
the  core  or  central  part  is  made  of  the  cheaper  metal  lead,  the 
outside  coating  and  inside  leading  of  which  is  of  the  dearer  and 
prettier  metal  tin.  The  term  "  squirting  "  is  not  strictly  applicable 
to  the  process,  inasmuch  as  popularly  or  generally  this  action  con- 
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veys  the  impression  of  a  jet  projected  with  considerable  velocity, 
whereas  the  process  by  which  the  fluidity  of  metals  is  taken  advantage 
of  in  the  way  named,as  the  young  reader  may  well  conclude,  is  a 
slow  (comparing  it  with  a  jet  of  an  ordinary  liquid  an  exceedingly 
slow)  process.  Both  lead  and  tin  are  remarkable  for  their  high 
malleability,  being  capable  of  being  readily  hammered  or  pressed 
out  from  a  solid,  it  may  be  a  shapeless  mass,  into  sheets  of  great 
thinness.  But  they  do  not  possess  the  property  of  ductility  in  the 
same  degree — an  exception  to  what  is  by  many,  though  erroneously, 
held,  that  malleability  and  ductility  are  the  same.  But  this  lack 
of  a  similar  degree  of  ductility  or  capability  of  being  drawn  out  like 
wire  is  made  up  by  both  of  these  metals  possessing  the  property  of 
ready  fluidity  under  pressure,  thus  eminently  qualifying  them  for 
the  squirting  or  jet-pressing  system.  The  process  of  pressing  lead 
or  tin  into  rods  is  in  fact  one  precisely  similar  to  that  of  a  boy's 
squirt  or  syringe.  The  body  of  the  syringe  is  represented  by  a 
strong  mass  of  metal,  in  which  the  cavity  is  made  which  holds  the 
metal  tp  be  pressed  or  squirted  out ;  the  plunger  is  represented  by 
a  strong  piston,  and  the  force  of  the  hand  of  the  boy  by  the  pressure 
of  an  hydraulic  ram  of  great  power,  working  up  to  as  much  as 
2,000  lb.  to  the  square  inch.  At  first  the  piston  pressing  the  metal 
out  created  such  a  large  amount  of  friction  that  the  parts  rapidly 
wore  out.  This  was  obviated  by  the  simple  device  of  working  the 
piston  downwards  in  place  of  upwards,  as  in  the  first  method ;  this 
relative  position  of  piston  and  metal  pressed  upon  gave  the  metal 
particles  a  condition  of  rest,  they  merely  remaining  resting  upon  the 
base  and  sides  of  the  vessel,  in  place  of  the  continued  motion  kept 
up  in  the  particles  of  the  mass,  or  induced  when  the  piston  moved 
upwards.  The  hole  through  which  the  metal  was  pressed  was  at 
the  upper  part  of  the  vessel ;  thus  making  two  openings  into  it — 
one  at  the  bottom,  and  through  which  the  piston  was  passed,  the 
other  at  the  top,  through  which  the  metal  was  squirted.  The  placing 
of  this  hole  within  the  body  of  the  piston  itself  was  just  the  device 
required  to  make  the  flow  of  metal  complete,  and  that  at  a  reason- 
able cost.  This  orifice  in  the  centre  of  the  piston  tapers  upwards,  so 
as  to  be  wider  at  top  than  bottom.  The  metal  within  the  vessel  and 
under  the  piston,  being  under  very  great  pressure,  is  to  be  considered 
as,  and  practically  is,  in  the  fluid  condition;  its  pressure  on  the 
sides  of  the  vessel  is  therefore,  like  that  of  any  other  fluid,  equal  in 
all  directions ;  but,  like  all  other  bodies  pressing  on  surfaces,  it  seeks 
and  takes  the  line  of  direction  of  least  resistance,  or  the  weakest 
point ;  and  this  in  the  apparatus  now  being  considered  is  the  aper- 
ture in  the  piston,  through  which  the  (fluid)  metal  therefore  flows 
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or  is  squirted,  and  after  it  passes  which,  the  pressure  being  removed, 
it  is  restored,  so  to  say,  to  its  normal  or  original  condition,  and 
therefore  issues  from  the  apparatus  and  leaves  it  in  the  solid  state, 
in  the  form  of  a  rod,  the  diameter  of  which  is  equal  to  that  of  the 
hole  in  the  piston.  By  merely  fixing  a  steel  mandril  or  cylindrical 
pin  in  the  exact  centre  of  the  hole  in  the  piston  or  plunger  of  the 
apparatus,  the  lead  or  tin,  as  it  is  squirted  through  the  piston  hole, 
is  divided,  and  passes  all  round  the  outside  of  the  mandril  or  pin, 
filling  the  space  between  its  outside  diameter  and  the  inside  diameter 
of  hole  in  the  piston  or  plunger ;  and  passes  out  as  a  tube  or  pipe, 
the  central  diameter  of  which  is  equal  to  the  outside  diameter  of  pin 
or  mandril,  the  external  gauge  or  diameter  being  equal  to  the  diameter 
of  hole  in  the  piston,  the  thickness  of  the  pipe  being  thus  equal  to 
the  width  of  concentric  space  between  the  pin  and  hole  in  piston. 
It  is  obvious  that  by  changing  the  shape  or  section  of  the  hole  in 
the  piston  solid  rods  may  be  squirted  out  of  any  shape  desired,  and 
made  hollow  in  the  way  above  described,  the  hollow  being  circular 
or  otherwise  as  desired.  "  In  connection  with  this  part  of  the  subject 
the  following  law  is  stated — and  which  indeed  may  be  considered  as 
one  having  a  general  application — ^that  when  pressure  is  exerted 
upon  the  surface  of  any  metal  it  is  transmitted  in  the  interior  of 
the  mass  from  particle  to  particle,  and  tends  to  produce  a  flow  of 
the  particles  in  the  direction  of  the  line  of  least  resistance.  A  second 
law  or  deduction  is  that  the  pressures  thus  transmitted  determine 
in  a  fixed  order  the  expulsion  of  the  material  through  the  orifice  and 
the  changes  of  form  at  each  point ;  a  third  deduction  being  that  the 
pressure  is  unequally  distributed,  as  the  particles  situated  at  the 
orifice  do  not  participate  in  the  flow  to  the  same  extent. 

Points  conneeted  with  the  Flow  of  Metals. 

We  have  likened  the  particles  or  molecules  of  the  metal  to  fibres, 
each,  as  it  were,  taking  a  hold  of  the  other,  so  that,  as  in  "  Rolling  " 
out  a  mass  of  metal,  the  flow  is  continuous.  The  principles  named 
which  regulate  the  flow  of  metals  apply  equally  to  the  pressing  of 
them  when  confined  in  vessels,  as  we  have  just  explained.  Rolling 
of  metals  is  the  same  process  in  effect  as  the  combing  and  drawing 
of  textile  substances  as  cotton  fibres  or  wool.  Indeed,  M.  Tresca 
likens  the  process  to  that  of  spinning,  but  spinning  without  torsion — 
that  is,  without  the  "  twist "  which  is  given  to  the  fibres  to  strengthen 
and  keep  them  together  in  the  form  of  yarn  or  thread.  The  con- 
tinuity of  the  flow  of  the  particles  of  metal  under  the  process  of 
rolling  is  kept  up  by  their  coherence,  or  adherence  of  the  one  to  the 
other,  this  power  of  cohesion  varying  with  the  character  of  the  metal; 
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and  in  some  instances  of  rolling  by  a  welding  of  them  together. 
Rolling  may  be  done  in  two  ways.  In  th6  first  method  the  metal 
to  be  extended  in  surface,  and  made  thin  in  the  for^m  of  what  is 
technically  called  a  "  plate,"  is  placed  upon  a  flat  metallic  surface  of 
greater  density  and  hardness  than  the  metal  to  be  rolled.  Cast  iron, 
fulfilling  these  conditions,  is  generally  used  to  form  the  bed  plate  in 
the  rolling  process.  A  cylindrical  roller,  also  of  cast  iron,  is  made 
to  revolve  in  almost  close  contact  with  the  bed  plate ;  the  distance 
between  its  periphery  or  circular  surface  and  that  of  the  horizontal 
bed  plate  is  adjustable  by  regulating  screws,  the  roller  being  brought 
nearer  and  nearer  to  the  bed  plate  as  each  successive  rolling  extends 
the  mass  of  metal  and  reduces  the  thickness  of  the  "  plate  ^  formed 
ultimately.  The  roller  is  generally  fixed  while  the  bed  plate  is 
movable,  or  the  roller  is  made  movable,  the  bed  plate  being  fixed. 
The  process  of  rolling  proper  demands  two  rollers  working  parallel 
to  each  other,  the  distance  between  them  being  regulated  by  screws 
appropriately  attached  to  the  framework  of  the  machine,  or  "  roll," 
as  it  is  technically  termed.  The  metal  to  be  rolled  is  passed  to  and 
fro  alternately  between  the  rollers  till  of  sufficient  thickness.  In 
the  first  passage  between  the  rollers  the  bundles  of  elementary  and 
continuous  particles,  or — as  we  may  call  them,  keeping  the  analogous 
processes  of  combing  or  drawing  out  fibrous  substances  in  view — 
filaments,  are  large  and  irregular  in  disposition ;  but  as  the  rolling 
proceeds  those  filaments  become  more  and  more  drawn  out  till  they 
are  reduced  simultaneously  with  the  entire  bar  or  plate  which  is 
formed  by  their  union.  The  process  of  rolling  is  carried  out  in 
practice  in  the  production  of  an  infinite  variety  of  metallic  products, 
*  from  the  coarse  and  heavy  bar  of  iron  down  to  the  thin  metallic  leaf 
known  as  tin  foil  (foil  a  corruption  of  the  French  word  feuille, 
signifying  a  leaf),  so  thin  that  it  may  almost  be  blown  away  with 
the  slightest  breath.  We  have  said  that  the  most  useful  and  there- 
fore the  most  valuable  of  all  our  metals  is  known  in  two  forms — cast 
iron  and  wrought  iron :  of  these  the  first  is  crystalline  or  granular 
in  the  constitution  of  its  particles ;  wrought  iron,  on  the  contrary, 
is  fibrous  in  texture.  Tlie  change  in  wrought  iron  subjected  to  the 
long- continued  efiect  of  blows,  impact,  or  shocks,  or  to  long-continued 
strains  or  stresses,  and  which  transforms  more  or  less  according  to 
circumstances  its  fibres  into  a  crystalline  or  granular  character,  M. 
Tresca  traces  to  the  construction  of  iron  as  composed  of  contiguous 
filaments,  he  thinking  that  the  filaments  of  different  natures  may 
also  differ  in  hardness,  and  that  the  facets  seen  in  the  fracture  of 
crystalline  iron  (cast  iron)  are  nothing  but  surfaces  caused  by  the 
friction  between  the  particles  or  molecules  arising  in  the  molecular 
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vibrations  and  consequent  elastic  changes  of  form  to  which  iron  may 
be  subjected,  and  this  according  to  the  uses  to  which  it  may  be  put. 

"Punching"  is  another  system  of  working  metals  in  which  the 
principles  of  the  flow  of  metals  are  involved.  The  operation  of 
punching  technically  is  of  two  kinds :  in  the  first  method  the  design 
of  the  operation  is  to  force  out  a  part  of  the  metal  so  as  to  form 
a  hole  or  aperture  passing  completely  through  its  thickness.  This 
process,  as  in  the  making  of  the  holes  in  boiler  plates,  through  which 
the  rivets  are  passed  by  which  the  plates  are  firmly  held,  together, 
is  perhaps  that  to  which  the  term  punching  is  most  generally  or 
popularly  applied,  the  correct  or  precise  name  for  which  would  be, 
as  is  often  used,  "  piJinching  out."  In  this  the  die  is  of  finely  tem- 
pered steel,  with  its  lower  end  perfectly  flat ;  the  section  is  circular, 
and  the  die  has  a  slight  taper  given  to  it  so  as  to  facilitate  the 
passage  through  or  into  the  metal,  and  its  release  in  the  return 
movement  when  the  hole  is  punched  or  made.  The  piece  of  metal 
in  which  a  hole  is  to  be  punched  is  placed  upon  a  bed  plate  in  which 
there  is  an  aperture  larger  than  the  hole  to  be  made  in  it,  and  which 
permits  the  cylindrical  piece  of  metal  punched  out  to  drop  or  fall 
readily  from  the  plate.  The  cylindrical  piece  punched  out,  circular 
in  section  and  of  height  or  depth  equal  to  the  thickness  of  the  plate, 
falls  to  the  ground,  or  into  a  receptacle  placed  below  to  catch  the 
pieces  if  the  plates  to  be  punched  or  the  holes  in  a  plate  are  numer- 
ous. This  operation  of  punching  out  pieces  carries  with  it  some 
curious  points  of  interest  to  the  young  student  in  mechanics.  In  a 
preceding  paragraph  in  the  early  part  of  this  volume  notice  was 
taken  of  the  difference  in  the  results  of  blows  or  impacts  upon 
bodies  according  as  the  blow  was  sudden  and  quick,  or  slow — the 
case  being  cited  of  a  pistol  bullet  fired  at  and  going  through  a  pane 
of  glass  in  a  window,  the  bullet,  going  with  great  velocity,  making  a 
clean  hole,  with  sharp,  well  defined  edges.  If,  however,  the  bullet 
had  been  projected  or  thrown  by  hand,  and  possessed  therefore  a  low 
degree  or  rate  of  velocity,  it  might  be  thrown  with  such  force  as 
to  go  through  the  pane  of  glass  and  pass  out  at  the  other  side,  but 
it  would  not  make  a  clean  hole  of  the  same  diameter  as  the  bullet ; 
on  the  contrary,  the  hole  would  not  only  be  larger  but  it  would  be 
irregular  in  shape,  and  the  glass  for  a  considerable  distance  round  it 
would  be  shattered  or  cracked,  or  ''starred,"  as  the  phrase  is.  In 
these  two  cases  it  has  been  humorously  said  that  when  the  bullet 
was  pistol-fired  it  passed  through  the  glass  so  very  suddenly  that  tbe 
particles  of  the  part  blown  or  punched  out  had  no  time  to  give  their 
neighbour  particles  notice,  so  that  they  could  come  up  to  help  them 
to  resist  the  blow  or  impact  of  the  ball ;  in  that  of  the  pane  shattered 
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and  starred  by  the  slow-going  hand-propelled  bullet,  the  cracks  are 
evidence  that  the  neighbouring  particles  were  '* hurrying  up"  to 
the  rescue  of  their  attacked  brethren.  So  much  for  this  humorous 
explanation  of  the  difference  in  action  of  the  two  projected  bullets, — 
an  explanation  which,  however,  borders  on  the  strictly  scientific  view 
of  the  case  more  than  the  young  reader  might  at  first  suppose.  An 
analogous  case  is  met  with  in  that  of  the  plate  which  has  to  have  a 
hole  punched  out  of  its  thickness.  For  if  the  die  were  pressed  down 
forcibly  but  slowly,  the  piece  of  metal  would  not  be  punched  clean 
out,  dropping  below  completely  separated  from  its  parent  plate ;  but 
on  the  contrary,  in  the  first  place,  as  it  was  pressed  into  the  metal, 
the  "  die,"  or  "  punch  "  as  it  is  most  frequently  called,  would,  as  it 
was  pressed  slowly  down  upon  the  surface  of  the  metal,  act  simply 
by  depressing  it,  forming  it  into  a  hollow,  or  "  dinging "  it  as  the 
popular  phrase  is ;  and  as  the  "  dinge "  or  hollow  deepened,  a  pro- 
jection on  the  under  side  of  the  plate  would  begin  to  be  formed, 
technically  and  popularly  called  a  "  bulge."  This  depression  or  cup- 
like dinge  on  the  upper  side  and  this  bulging  out  on  the  lower  or 
opposite  side  might  be  all  that  the  force  of  the  descending  die  would 
do.  But  if  this  or  the  power  put  upon  it  were  sufficient  to  force  the 
die  fairly  through  the  metal,  it  appearing  at  the  lower  surface,  thei-e 
would  be  no  piece  of  the  metal  forced  or  pushed  completely  out  of, 
or  separated  from,  the  plate ;  but  there  would  be  a  hole  more  or  less 
irregularly  shaped,  with  rough  jagged  edges ;  this  rough  hole  being 
in  the  centre  of  the  bulge,  part  of  the  projection  of  which  would 
remain  round  the  hole.  But  if,  with  a  sufficient  power  assumed  to 
send  the  die  through,  this  were  quickly  or  suddenly  brought  to  bear 
upon  the  metal,  the  die  would  cut  and  separate  all  round  the  metal 
so  clearly  and  sharply  that  the  piece  of  the  same  diameter  as  itself 
would  be  forced  before  the  face  of  the  die  till  it  was  completely  free 
from  the  plate,  the  hole  being  what  is  called  a  "  clean  "  sharp-edged 
one.  To  return  to  the  humorous  explanation  in  regard  to  the  glass 
experiment  named  above,  it  might  be  said  that,  in  the  case  of  the 
slowly  descending  punch  or  die,  the  neighbouring  particles  were 
informed  of  the  attack,  and  came  up  in  time  to  the  rescue  of  the 
attacked  part.  To  get  a  clean,  sharp-edged  hole,  the  punch  or  die 
must  be  brought  quickly  down  upon  the  metal,  and  with  an  excess 
of  the  force  or  power  required  to  make  the  puncture — if  this  popular 
term  can  be  here  applied  to  an  operation  which  requires  a  large 
amount  of  power  in  proportion  to  the  thickness  of  the  plate  to  be 
pierced.  The  machines  known  as  "punching  macl  ines"  are  designed 
specially  to  meet  the  requirements  of  the  operation ;  and  when  the 
plates  happen  to  be  thick  ones  the  young  mechanic,  not  accustomed 
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to  the  display  of  ej£cient  power  on  our  machine  tools,  will  he  surprised 
and  delighted  to  see  what  machinery  can  do  in  its  mastery  over  the 
peculiarities  of  materials,  making  the  toughest  and  strongest  of  metals 
as  plastic  as  clay  and  as  easily  pierced  as  a  piece  of  cheese.  But, 
efficient  as  are  our  punching  machines,  there  are  always  defects  more 
or  less  important  in  holes  punched;  hence  the  controversy  which 
has  arisen  in  which  the  respective  claims  of  punching  machines  and 
boring  or  drilling  machines  have  been  discussed;  there  can  be  no 
doubt,  however,  that  holes  drilled  are  much  cleaner,  can  be  more 
accurately  made  and  spaced  out,  than  holes  punched.  With  many 
the  whole  matter  has  been  looked  upon  as  a  mere  question  of  money 
or  price  >  although  it  will  be  seen  from  what  we  have  said  that 
there  is  something  in  the  process  of  punching  which  is  a  source  of 
weakness,  and  should  not  be  lightly  overlooked.  At  the  best  it  is  a 
rough  process,  tending  greatly  to  place  the  particles  of  the  metal 
under  strains  or  actions  which  are  certainly  not  conducive  to  the 
maintenance  of  the  strength  of  the  plate. 

Fointfl  connected  with  the  Flow  of  Metals  (^continued'). 

We  have  seen,  as  referred  to  in  the  early  part  of  the  preceding 
paragraph,  that  in  the  ordinary  method  of  piercing  or  of  punching 
a  plate  of  metal,  as  of  wrought  iron,  when  the  power  given  to  the 
downward  movement  of  the  punch  or  die  is  not  great  enough  to 
completely  force  the  piece  of  metal  and  shove  it,  so  to  say,  before 
it,  allowing  it  to  drop,  and  leaving  a  clean  clear  hole,  the  tendency 
of  the  punch  or  die  Ls  to  make  the  plate  hollow  on  the  upper  and 
bulged  out  on  the  lower  face  of  plate.  Now,  this  action  is  similar  to 
that  of  the  second  style  of  "  punching  "  of  metals  we  have  alluded  to. 
Another  name  for  it  is  "  stamping  " ;  the  object  of  the  process  being 
to  form  out  of  metal  hollow  objects,  such  as  small  dishes,  pans,  and 
the  like — indeed,  an  almost  endless  variety  of  articles  of  all  sizes  and 
shapes  useful,  in  domestic  and  ornamental  work.  The  principle  of 
this  work  of  punching  or  stamping  out  the  wide  variety  of  articles 
here  alluded  to,  and  with  many  of  which  the  youthful  reader  must 
be  familiar,  may  be  briefly  described  here.  Let  us  suppose  that  the 
object  to  be  formed  is  a  hollow  hemispherical  cup,  of  which  the  base 
and  upper  lip  is  of  course  a  perfect  circle,  the  inside  hollow,  of  half 
a  globe  or  sphere.  In  a  solid  block  of  metal  of  cast  iron  or  steel, 
having  a  perfectly  flat  face  or  upper  surface,  there  is  a  part  hollowed 
out  of  precisely  the  same  dimensions  and  shape  as  the  outside  of  the 
cup ;  the  rounded  part  of  the  hollow  thus  formed  will  be,  of  course, 
the  lowest.  The  circle  on  the  face  of  the  block  represents  the  upper 
lip  or  edge  of  the  cup,  or  rather  its  position.     This  hollow  in  the 
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block  forms  what  may  be  called,  the  seat  of  the  die,  although  it  is 
often  referred  to  as  the  die;  but  the  "die"  as  a  whole  is  a  dual 
part,  and  this  hollow  in  the  block  would,  if  the  article  were  to  be 
a  solid  half -sphere  cast  or  moulded,  be  the  matrix  or  mould.  The 
die  proper,  or  the  stamping  or  punching  part  of  the  apparatus,  is 
formed  of  a  block  of  steel  the  lower  end  of  which  is  shaped  of  pre- 
cisely the  same  outline  as  the  hollow,  so  that,  if  dropped  into  it,  it 
would  fill  it  out  and  fit  so  accurately  that  the  two  surfaces — that  of 
the  hemispherical  hollow  and  that  of  the  like-shaped  end  of  the  steel 
block  or  die — would  be  in  close  contact  over  every  part  of  the  surfaces. 
But  there  is  this  difference  between  the  two  surfaces :  that  of  the 
die  is  of  less  dimensions  than  that  of  the  hollow  or  matrix  in  the 
block,  the  difference  between  them  being  equal  to  the  thickness  of 
metal  which  is  intended  to  be  given  in  the  body  of  the  cup.  The 
matrix  or  lower  block  is  fixed  firmly  in  the  lower  part  of  the  framework 
of  the  apparatus.  The  "die"  proper  is  so  arranged  in  the  mechanism 
that  it  slides  up  and  down,  and  can  be  brought  quickly  down  and 
drop  precisely  into  the  hollow  of  the  matrix  in  the  fixed  block ;  but 
the  extent  of  drop  of  the  die  is  such  that  it  stops  short  of  the 
bottom  of  the  hollow,  thus  leaving  a  space  between  the  surface-  of 
die  and  that  of  hollow.  If  new  molten  metal  were  poured  into  the 
vacant  space  between  the  two,  and  if  when  the  metal  cooled  it  were 
to  be  separated  from  the  hollow  and  the  die,  the  object  would  be  a 
hollow  hemispherical  cup.  But  the  process  of  punching  or  stamping, 
taking  advantage  of  the  natural  flow  of  metals,  is  designed  to  super- 
sede the  slow  process  of  casting  by  one  which  is  infinitely  more  quick 
and  accurate.  Suppose  a  thin  plate  of  metal,  of  the  same  thickness 
as  the  difference  between  the  dimensions  of  die  and  matrix,  be  laid 
on  the  upper  face  of  the  matrix  block,  and  the  die  by  the  mechanism 
of  the  apparatus  be  brought  quickly  down  with  a  certain  force  upon 
the  thin  plate,  this  is  at  once  forced  down  and  into  the  hollow  hemi- 
spherical space,  the  die  closely  following  it  till  the  plate  is,  so  to  say, 
crushed  up  into  the  space,  and  filling  the  vacuity  between  the  face 
of  die  and  face  of  hollow,  is,  so  to  say,  squirted  upwards,  in  virtue 
of  the  law  of  flow  of  metals,  till  it  assumes  the  exact  form  of  the 
half-sphere.  By  a  repetition  of  the  process  any  number  of  cups  of 
the  same  size  can  be  made  much  more  rapidly  than  could  be  done 
by  casting,  and  the  surface  both  inside  and  out  being  perfectly  smooth 
and  uniform,  to  a  higher  degree  of  perfection  than  could  be  obtained 
by  the  slow  process  of  casting  from  melted  metal, — unless,  indeed, 
the  most  careful  casting  were  done,  which  would  make  the  process 
still  more  slow  and  tedious,  and  so  increase  the  cost  of  production ; 
the  process  of  punching  or  stamping  being  a  cheap  one,  as  may  be 
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conjectured  from  the  exceedingly  small  price  charged  for  various 
articles  of  domestic  use,  for  example.  This  process  of  stamping  or 
punching  out  now  described  may  be  considered  a  simple  one ;  but  if 
the  young  reader  will  think  it  out  he  will  see  that  the  difficulties 
which  are  so  easily  overcome  in  virtue  of  the  law  regulating  the 
flow  of  metals  would,  in  the  ordinary  way  of  working,  be  almost 
insuperable.  Let  him  take,  for  example,  a  sheet  of  thin  lead,  which 
is  sufficiently  soft  and  pliable,  and  yet  sufficiently  cohesive,  to  be 
worked  by  the  power  of  the  fingers  into  various  forms ;  let  him  now 
try  so  to  place  this  lead,  in  the  inside  of  a  common  but  strongish 
teacup  with  a  smooth  internal  surface,  as  to  form  another^  cup  out 
of  the  lead  plate.  He  will  then  find  the  difficulties  of  the  task  not 
so  easily  overcome :  in  place  of  having  the  lead  lie  close  to  the  whole 
inner  surface  of  the  cup  perfectly  smooth  and  uniform,  he  will  find 
that  he  cannot  get  it  to  lie  close  all  round ;  that  at  places  it  will 
bulge  up,  or  as  the  term  goes,  will  pucker  up  into  ridges,  and  these 
irregular  in  position  and  form ;  and  if  he  attempts  to  get  rid  of 
these  by  pressing  them  down,  he  will  find  probably,  and  that  quickly 
moreover,  that  the  cohesion  of  the  lead  will  be  overcome,  and  that 
it  will  crack  and  split.  Again,  should  a  more  elastic  metal  be 
employed,  he  will  find  that  when  he  presses  down  a  bulging  or 
puckered  part  at  one  point  it  will  rise  at  another,  till  finally  he  gives 
up  the  task  in  despair,  hopeless  of  ever  forming  a  cup  with  smooth 
and  uniform  surface  and  unbroken  edges.  The  unsightly  character 
of  his  "job"  will  show  him  that  to  form  a  hollow  vessel  out  of  a 
flat  plate  or  flattened  block  of  metal,  however  soft  and  pliable  it  may 
be,  is  no  easy  matter ;  and  he  will  then  understand  the  extreme  value 
of  thfe  method  of  working  by  which  the  metal  is  placed  under  those 
conditions  which  allow  the  laws  regulating  the  flow  of  metals  to  come 
into  operation.  And  without  this  it  would  be  as  impossible  as  fortu- 
nately it  is  readily  possible  to  produce  so  quickly  and  at  a  cheap 
rate  the  thousand-and-one  useful  and  ornamental  metallic  objects 
which  we  meet  with  always  and  everywhere.  With  some  study  of 
these  laws,  and  a  good  knowledge  of  the  characteristics  of  the  metals 
he  works  with,  he  has  them  practically  under  such  control  that  by 
modifying  the  apparatus  he  uses  he  can  produce  an  infinite  variety 
of  forms. 

But  we  have  not  yet  exhausted  all  that  has  to  be  said  of  that 
characteristic  of  metals — fluidity  of  their  molecules — which  is  found 
to  be  of  such  service  to  man  in  the  doing  of  a  wide  range  of  mechanical 
work.  We  have  seen  what  that  property  of  a  material  known  as 
malleability  is,  by  which  a  metal  can  be  hammered  out,  so  as  to 
change  its  form,  in  the  endless  ways  familiar  to  the  skilful  blacksmith 
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and  forger.    M.  Tresca,  in  his  investigations  into  the  laws  i-egulating 
the  flow  of  metals,  gave  great  attention  to  the  internal  changes  in 
masses  of  metal  when  treated  by  hammering  or  forging.     "Whatever 
may  be  the  form  of  the  mass,  it  may  be  considered,  in  relation  to 
the  law  of  fluidity  of  metals,  as  being  made  up  of  a  series  of  cylin- 
drical fibres  or  layers  inclosing  one  another.     When  a  mass  of  these 
layers  is  subjected  to  the  process  of  hammering  each  blow  or  impact 
of  the  hammer  produces  a  change  in  the  form  of  the  cylindiical  layer 
by  flattening  it  out,  the  result  of  which  is  that  the  layers  or  fibres 
spread   laterally  outwards,  causing   them   to  enlarge   gradually  in 
circumference  and  to  get  loosened  the  one  from  the  other.     This 
unsheathing  of  the  cylindrical  layers  or  tubes  by  the  operation  of 
hammering  on  their  outside  may  be  made  to  extend  to  a  greater  or 
less  depth  according  to  the  intensity  of  the  blows  and  the  length 
of  time  they  are  continued  to  be  given.     If  the  object  be  to  dis- 
engage the  exterior  cylindrical  layers  or  fibres,  light  blows  only  are 
required  to  be  given,  so  that  the  disturbing  forces  may  act  only  upon 
the  exterior  layers  and  produce  the  degree  of  blow  required.     Thus 
forging  or  hammering — by  blows  given   externally — of  a  mass  of 
metal  does  not  produce  the  effect  of  drawing  the  whole  of  the  cylinders 
in  a  mass  to  produce  this  effect :   the  process  already  explained  of 
confining  the  metal  in  a  vessel  in  order  to  prevent  its  lateral  flow 
and  to  subject  it  to  the  quick  and  forcible  action  of  a  die  must  be 
resorted  to,  the  dies  being  considered  as  guides  in  order  to  compel 
the  flow  of  the  fibres  or  cylindrical  layers  longitudinally.     In  sub- 
jecting metals  to  the  pressure  of  dies  the  squirting  or  longitudinal 
movement  is  done  at  such  a  speed  or  velocity  that  the  eye  cannot 
follow  the  movement, — practically  it  is  instantaneous.     The  work  of 
forging  or  hammering  is  from  its  nature  a  slower  process  than  that 
of  punching  or  stamping  by  the  aid  of  dies ;  but  it  is  rendered  much 
more  speedy  by  the  use  of  the  steam  hammer  and  what  are  known 
as  forging  machines,  of  which  class  of  machines  that  invented  by 
Ryder  many  years  ago,  but  still  largely  used,  may  be  taken  as  the 
pioneer.     Those  mechanical  means  of  getting  rapidly  the  results  of 
the  old  and  very  slow  process  of  hand  hammering  have  quite  revo- 
lutionised the  art  of  forging;  masses  of  metal  of  bulk  and  weight 
which  could  not  possibly  have  been  handled  and  forged  by  manual 
labour,  being  now  of  daily  occurrence.    The  changes  of  form  produced 
by  forging  or  hammering  may  be  looked  upon,  therefore,  as  the 
results  of  the  flowings  of  the  metal  constituents  in  succession  follow- 
ing one  upon  another ;  these  successive  flowings  being  effected  by  the 
individual  forces  exerted  upon  the  work  being  forged  or  hammered. 
In  order  to  produce  the  best  effect,  to  attain  the  highest  results,  it 
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is  necessary  to  adjust,  in  machine  forging,  the  weight  of  the  hammer, 
the  height  or  range  of  its  vertical  force,  and  the  form  or  condition  of 
its  face  or  striking  surface,  all  relatively  one  to  another.  In  those 
conditions  the  intensity  of  the  blow  or  the  force  of  its  impact  upon 
the  metal  struck  is  the  measure  of  the  depth  to  which  the  action  on 
the  cylindrical  layers  or  fibres  extends ;  the  form  and  surface  of  the 
hammer  determines  the  breadth  over  which  the  flattening  of  these 
fibres  extends;  and  the  condition  of  this  hammer  face — its  roughness, 
etc. — determines  the  amount  of  friction  to  resist  the  lateral  spreading- 
out  of  the  cylindrical  layers  or  fibres  induced  by  the  action  of  the 
blows  or  impacts  of  the  hammer.  This  friction  of  the  surfaces  by 
which  the  pressure  which  gives  the  flow  or  fluidity  of  the  constituents 
of  the  metal  is  controlled  or  modified,  whether  the  pressure  be  applied 
by  the  hammer  or  by  dies,  can  be  made  use  of  to  reduce  the  change 
of  form  in  certain  directions.  But  in  many  cases  it  is  further  neces- 
sary by  the  use  of  certain  appliances  to  control  the  action  of  fluidity ; 
and  this  in  smiths'  work  is  done  by  the  employment  of  what  are 
called  swages.  These  consist  of  metal  blocks,  which  are  secured  to 
the  anvil  by  their  tails  passing  into  an  aperture  made  in  the  anvil 
block  at  the  end  opposite  to  what  is  called  the  horn  or  pointed  part, 
each  block  being  provided  in  its  upper  surface  with  a  hollow  or 
indentation  of  a  certain  section,  such  as  semi -cylindrical.  In  this 
hollow  the  article  to  be  forged  is  placed  while  it  is  hammered,  the 
sides  of  the  swage  preventing  the  lateral  flow  of  the  fibres  or  cylin- 
drical layers  of  the  metal.  In  certain  cases  a  similarly  channelled 
or  hoUowed-out  swage  is  grasped  by  tongs,  by  which,  while  the  whole 
of  the  lower  part  of  the  article  to  be  forged  is  lying  on  the  swage 
secured  to  the  anvil,  the  smith  covers  the  upper  part  by  the  hand- 
held swage,  a  hammerman  striking  the  head  of  the  swage  as  often 
and  as  forcibly  as  desired.  These  operations  can  of  course  be  done, 
and  are  largely  done,  by  machinery,  as  in  the  forging  machines ;  and 
of  course  the  principle  is  easily  applicable  to  the  steam  hammer. 

Points  connected  with  the  Flow  of  Metals  (contmued). 

By  the  process  of  continuous  hammering,  the  force  of  the  blows 
of  which  is  changed  according  to  circumstances,  malleable  metals  are 
made  to  yield  some  most  striking  results.  The  most  familiar,  as  it 
is  the  most  suggestive  example,  is  afforded  by  what  is  known  as  gold 
beating.  By  subjecting  a  small  piece  of  gold — one  of  the  most  mal- 
leable of  our  metals — to  repeated  hammering,  the  gold  placed  between 
parchment  sheets  can  be  spread  and  spread  out,  or  its  particles  can 
be  made  to  flow  to  such  an  extent,  without  losing  their  cohesive 
properties,  that  a  "  gold  leaf,"  as  it  is  termed  technically,  can  be 
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made  of  such  extreme  fineness  that  it  takes  no  fewer  than  290,000 
of  them  one  laid  upon  another  to  make  a  pile  one  inch  deep  or  high. 
The  value  of  the  principle  of  flow  of  metals  under  the  action  of 
repeated  hammerings  is  also  strikingly  shown  in  the  formation  of 
large  hemispherical  vessels  used  in  the  arts,  with  surfaces  perfectly 
uniform  and  smooth,  without  any  puckering  or  bulging-out  here  or 
depression  there, — and  this  out  of  a  solid  disc  of  copper  some  four 
feet  in  diameter  and  six  inches  in  thickness.  The  property  of  metals 
known  as  "  ductility  "  is  made  available  in  a  variety  of  ways  highly 
useful  to  man.  Of  metals,  gold,  as  it  is  the  most  malleable,  so  also 
is  one  of  the  most  ductile  of  metals ;  it  is  thus  capable  of  being  drawn 
out  or  extended  longitudinally  through  holes  in  a  steel  die,  the  sides 
of  the  holes  preventing  the  side  or  lateral  flow  already  noticed — to 
such  an  extreme  fineness  that  one  ounce  of  solid  gold  can  be  drawn 
into  a  wire  not  fewer  than  fifty  miles  long.  But  the  more  useful 
application  of  this  property  of  ductility  in  metals  is  the  manufacture 
of  wire,  of  copper,  of  wrought  iron,  and  of  steel.  In  wire  drawing 
what  is  called  a  "  draw  plate "  is  the  essential  feature  of  the  very 
simple  apparatus  employed  in  the  art.  This  is  a  steel  plate  pierced 
with  a  series  of  holes  of  gradually  decreasing  diameters,  which  is 
secured  in  an  appropriate  framework.  The  rod  of  iron  or  of  soft 
steel  rolled  to  a  small  diameter,  somewhat  larger  than  the  largest 
hole  in  the  "  draw  plate,"  is  pointed  at  its  end  so  as  to  pass  easily 
through  the  hole.  It  is  then  gripped  or  held  fast  by  pincers  or 
gripping  jaws,  which  are  by  a  powerful  mechanical  purchase  pulled 
forward,  forcibly  pulling  the  rod  through  the  hole ;  the  force  applied 
is  sufficient  to  overcome  the  unwillingness  of  the  characteristic  of 
fluidity  of  the  particles  to  be  set  in  motion,  so  to  say ;  but  the  fluidity 
in  time  favours  the  change,  and  by  lengthening  the  fibres  in  cylin- 
drical layers,  the  rod  is  at  last  pulled  through  the  hole  completely 
reduced  in  diameter.  The  process  is  repeated,  but  the  hole  next  in 
diameter  is  taken,  and  so  on,  till  the  "rod"  is  reduced  to  the  diameter 
desired ;  but  in  its  greatly  reduced  diameter  but  increased  length  it 
has  its  name  changed,  and  is  now  known  to  the  trade  as  "  wire." 
Eods  are  reduced  to  certain  definite  diameters,  which  are  all  rigidly 
maintained  alike  by  the  diflerent  makers,  and  denominated  by 
common  consent  as  "No.  1,"  "No.  4,"  etc.,  etc.;  so  that  "wire" 
when  specified  to  be  of  a  certain  diameter,  as  "No.  1,"  will  be  easily 
obtained  of  the  definite  size.  These  numbers  are  known  as  those  of 
the  "  Birmingham  Wire  Gauge,"  the  "  Lancashire  Wire  Gauge,"  or 
the  "  Standard  Wire  Gauge," — known  technically,  and  used  in  speci- 
fications, etc.,  in  their  abbreviated  form  respectively  as  "B.W.G.," 
"  L.W.G.,"  or  "  S.W.G."    Of  these  the  first  is  the  most  popular  and 
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best  known.  There  is  not  much  practical  diflference  in  the  sizes  of 
the  wires  made  according  to  these  gauges ;  but  the  "  Standard " 
professes  to  be  less  arbitrary  or  conventional,  and  designed  on  a  more 
scientific  basis  than  the  "  Birmingham,"  the  dimensions  of  the  wires 
made  in  which  had  their  origin  in  a  very  simple  and  natural  or 
workman  fashion,  having  little  pretension  to  scientific  sequence  of 
diameters.  What  may  be  called  an  endless  variety  of  wires  is  now 
made  out  of  diflferent  metals,  or  of  combinations  of  metals,  but  all 
dependent  upon  the  characteristic  of  fluidity  in  the  particles.  Tubes 
or  pipes  in  an  almost  equally  endless  variety  of  forms  are  now  drawn 
in  much  the  same  way  as  wire,  dependent  also  upon  the  same  charac- 
teristic of  metals.  There  is  one  point  connected  with  wire  drawing 
which  is  worthy  of  notice  by  the  young  reader,  as  coming  under  the 
category  of  change  of  characteristics  of  materials,  when  the  conditions 
under  which  they  are  placed  are  changed.  Thus,  one  would  predicate 
with  some  degree  of  certainty  that  after  iron  or  steel  rods  were 
subjected  to  the  powerful  force  exerted  on  their  particles  by  the 
process  of  wire  drawing,  some  change  in  their  characteristics  would 
take  place;  and  one  would  be  inclined  to  conclude  that  the  effect 
would  be  one  of  deterioration — as  weakening,  for  example,  their 
constructive  strength.  But  in  the  case  of  iron  and  steel  rods,  when 
drawn  into  wire,  the  very  opposite  of  this  is  the  case :  the  iron  wire, 
which  in  its  original  condition  of  a  rod  has  an  ultimate  strength  of 
from  25  to  28  tons  per  inch,  has  in  the  form  of  wire  an  increased 
strength  of  from  35  to  40  tons.  Steel  rods  which  are  tempered  first 
mildly,  and  then  drawn  into  wire,  have  in  this,  the  ultimate  con- 
dition, their  strength  increased  threefold.  But  this  increased  strength 
disappears  or  is  lost  should  the  steel  wire  be  made  redhot  and  then 
allowed  to  cool ;  the  strength,  however,  not  falling  below  the  normal 
or  original  strength  of  the  steel.  The  same  is  true  of  iron  wire, — 
which,  however,  has  the  additional  good  characteristic  given  to  it, 
i  of  being  much  more  easily  bent  or  rolled  up,  or  of  having  various 

forms  given  to  it  through  increased  pliability. 

The  EflTect  of  Certain  Conditions  under  which  Metals  are  Pl^aced  in  Altering 

their  Conditions. 

;  We  have  seen  that  in  their  original  condition  the  malleable  and 

I  ductile  metals — such  as  iron  and  copper — possess  the  characteristic  of 

fluidity,  which  is  brought  into  play  in  a  variety  of  useful  work  in 
which  pressure,  as  that  of  a  punch  or  stamp  or  of  hamjnering,  is  the 
active  agent  in  developing  this  characteristic.  The  practical  utility 
of  this  peculiarity  of  metals  is  very  strikingly  exemplified  in  some 
work  done  in  copper,  that  highly  ductile  and  malleable  metal.     Some 
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of  otir  young  readers  may  have  had  opportunities  of  noticing  the 
large-sized  copper  pans  of  a  hemispherical  shape  used  by  confectioners, 
etc.,  in  the  manufacture  of  sweetmeats,  and  the  still  larger  and  more 
imposing  copper  pans  used  in  the  sugar  refining  and  in  several  other 
processes.  These  vessels  attract  attention  by  their  thinness  and 
lightness  and  their  great  strength;  but  yet  still  more  by  the  fact 
that  they  are  of  such  uniform  or  level  surface  throughout,  both 
internally  and  externally,  and  from  the  consequent  utter  absence  of 
all  that  unevenness  of  surface  known  as  puckering.  They  ai'e  too 
thin  and  light  to  have  been  cast,  and  the  matter  of  surprise  is  how 
they  can  have  been  made  with  all  those  singular  conditions.  To 
those  accustomed  to  the  visible  signs  of  certain  mechanical  work,  a 
comparatively  slight  examination  will  show  that  hammering,  if  it 
has  not  been  wholly,  has  been  largely  used  in  their  formation.  And 
this  is  the  key  to  the  solution  of  the  mystery  of  their  manufacture ; 
in  reality  this  embraces  the  two  operations  of  rolling  and  hammering. 
The  pan  or  vessel  is  formed  by  these  two  processes  out  of  a  large 
circular  disc  or  plate  of  copper,  the  diameter  and  thickness  of  which 
are  proportioned  to  the  size  of  the  vessel  to  be  made,  the  process  of 
making  being  entirely  dependent  upon  the  characteristic  fluidity  of 
the  copper.  The  disc  is  first  subjected  to  a  rolling  process,  passing 
between  two  rollers  revolving  with  great  force;  this  extends  the 
metal  longitudinally,  but  the  lateral  or  side  movement  is  prevented 
by  the  friction  created  between  the  metal  and  the  roller  surfaces. 
The  second  process  is  again  rolling,  but  the  copper  is  so  placed  in 
relation  to  the  rollers  that  the  elongation  of  the  fibres  is  in  a  direction 
at  right  angles  to  that  in  which  the  fibres  were  first  elongated.  By 
repetition  of  the  process  of  roUing  the  fibre  is  prevented  from  taking 
any  particular  direction.  But  as  the  rolling  proceeds  thus,  and  the 
fibres  become  changed  and  rechanged  in  relation  to  each  other,  a 
change  in  the'  character  of  the  metal  takes  place:  from  a  readiness 
to  flow  the  fibres  show  a  gradually  increasing  reluctance  to  move ; 
the  metal  becomes  harder  and  more  and  more  brittle,  and  more  liable 
to  crack. 

Change  in  the  Condition  of  Metals. — Annealing. 

And  it  is  here  that  there  steps  in  a  process  in  which  another 
change  in  the  condition  of  the  metal  is  brought  about,  and  the 
original  characteristic  fluidity  of  the  metal  restored.  We  do  not 
exactly  know  how  the  change  from  a  ready  fluidity  to  a  greater 
or  less  rigidity,  hardness  and  brittleness  of  the  metal  is  brought 
about ;  but  it  arises  probably  from  the  greater  closeness  of  the  mole- 
cules, caused  by  their  movement  one  upon  another  and  in  different 
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directions  by  the  rolling.  From  this  rigid  bound-up  condition  the 
fibres  are  set  free  by  the  new  process,  to  which  the  name  of  "  an- 
nealing "  is  given.  Although  one  of  extreme  simplicity,  it  constitutes 
nevertheless  one  of  the  most  valuable  of  the  necessary  processes 
which  the  patient  observation  of  man  or  the  ready  facility  with 
which  he  adapts  himself  and  his  work  to  new  conditions,  or  by  which 
what  are  called  happy  thoughts  come  to  him,  are  practically  taken 
advantage  of.  The  process  of  "annealing,"  which  has  been  known 
to  man  time  out  of  mind,  and  consists  simply  in  subjecting  metals 
which  have  altered  their  condition  from  being  malleable  and  ductile 
and  easily  changed  in  form  under  pressure,  to  one  in  which  the 
original  malleability  or  ductility  is  restored,  is  simply  the  subjecting 
of  the  metal  or  piece  of  work  to  a  high  temperature,  a  little  short  of 
that  known  as  red-hot.  This  application  of  heat  acting  on  the  fibres 
sets  them  once  more  free  to  move  one  upon  another — in  other 
words,  restores  the  original  characteristic  of  fluidity.  How  the 
heating  of  the  rigid  metal  brings  about  this  change  we  do  not 
precisely  know;  but  it  seems  to  act  as  an  expanding  or  freeing 
process,  allowing  the  fibres  to  get  disengaged  one  from  the  other, 
very  much  as  ice  is  broken  up  and  melted  by  heat,  and  the  original 
condition  of  water  restored.  Without  this  simple  process  of  "an- 
nealing" many  of  the  methods  of  metal  working  could  never  be 
carried  out  to  satisfactory  completion.  And  it  is  by  use  of  it  alter- 
nating with  hammerings  that  the  rolled  and  ultimately  thin  flat 
sheet  of  metal  is  changed  into  the  hollow  hemispherical.  The 
hammering  is  done  mechanically — by  steam  hammer — by  a  succession 
of  numerous  but  light  blows,  the  copper  lying  on  a  convex  spherical- 
shaped  anvil,  the  workman  displaying  great  dexterity  and  knowledge 
of  the  process  in  "  humouring,"  or  coaxing,  so  to  say,  the  metal  to 
take  the  rounded  shape  while  being  hammered — showing  his  skill 
also  in  knowing  the  precise  period  at  which  the  hammering  has 
changed  the  fluidity  of  the  metal  to  that  rigidity  which  would  make 
it  crack  or  split  up,  at  which  stage  the  other  process  of  annealing 
must  be  resorted  to. 

The  Influence  of  Heat  in  the  Working  of  Metals. — Welding. 
The  application  of  heat  itself  makes  some  of  the  processes  of  metal 
working  much  more  easily  and  certainly  carried  out  than  they  would 
be  if  the  metal  were  kept  cooled.  Thus,  wrought  iron  is  rolled  or 
hammered  much  more  freely  when  cold.  In  the  work  of  the  iron 
and  the  steel  maker  the  rolling  of  puddled  or  wrought  iron  is  always 
done  with  the  metal  at  a  high  temperature.  In  the  reheating  fur- 
naces the  steel  ingots  ai-e  brought  to -a  white  heat  before  they  are 
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taken  to  the  rolling  mill,  in  which  they  are  rolled  till  they  assume 
the  form  of  rails,  for  example,  for  the  permanent  way  of  railways, 
the  whole  operation  being  gone  through  at  one  "trial,"  as  it  is 
technically  called.     But  the  most  striking  example  of  the  value  of 
heat  in  the  various  processes  of  metal  working  is  to  be  met  with  in 
the  operation  of  "welding"  of  iron  and  steel.     This  is  one  of  the 
most  valuable  processes  of  the  metal  worker,  as  by  it  two  separate 
pieces  of  the  metals  can  be  joined  together,  and  with  such  a  complete 
union  of  the  molecules  or  particles  of  each  that  they  become  prac- 
tically part  of  the  general  mass,  in  such  perfect  union  with  them 
that  the  joined  or  welded  part  is  as  much  a  solid  piece  as  any  part 
of  the  pieces  which  were  at  the  first  to  be  united.     In  welding 
together,  say,  two  lengths   of   wrought  iron  bars,  the  blacksmith 
places  the  ends  in  his  fire,  and  by  the  action  of  the  bellows  or  fan 
produces  such  intense  combustion  that  the  ends  of  the  pieces  are 
rapidly  brought  to  a  white  heat — that  beautiful  bluish  white  so  well 
known  to  metal   workers,   and  which  better  conveys  the  idea  of 
perfect  purity  or  clearness  of  substance  or  surface  than  any  other 
colour  we  know  of.     By  long  practice  the  blacksmith,  who  carefully 
watches  the  process  of  heating,  knows  the  precise  moment  when  the 
ends  of  the  pieces  have  got  to  the  desired  "  heat."     Removing  them 
rapidly  from  the  hearth,  he  places  one  end  on  the  anvil  with  the  best 
side  up,  while  an  assistant — unless  the  pieces  to  be  joined  are  very 
short  and  light — places  the  white  heated  end  of  the  other  piece  in 
contact  with  it;  the  two  surfaces  instantly  cohere,  and  the  junction 
or  union  is  made  complete  by  rapid  yet  carefully  executed  hammering; 
finally,  when  the  heat  is  reduced  to  dullish  red,  by  careful  hammer- 
ing, making  the  joined  part  even  or  flush  with  the  surfaces  of  the 
original  pieces,  so  as  to  obliterate  as  much  as  possible  all  evidences  of 
a  junction  having  been  made.    To  do  this  in  a  workmanlike  way,  the 
blacksmith  (generally  abbreviated  to  smith)  may  have  to  reheat  the 
joined  part,  so  as  to  bring  it  once  more  to  the  hammering  or  forging 
temperature — a  bright  red,  far  removed  from  the  white  welding  heat. 
On  taking  out  the  two  pieces  to  be  welded  together  from  the  fire  or 
hearth,  at  the  period  when  the  smith  judges  the  proper  heat  to  be 
attained,  the  white-heat  surfaces  give  one  the  impression  that  there 
is  a  partial  boiling-Hke  action  going  on ;  the  particles  are  doubtless 
in  a  state  of  partial  fusion,  but  the  appearance  of  boiling  arises 
largely  from  what  may  be  called  the  play  of  heat  rays.     The  great 
object  to  be  attained  by  the  smith  is,  while  he  has  got  one  proper 
"  heat,"  to  have  also  perfectly  clean  surfaces — that  is,  free  from  any 
coating  of  a  foreign  substance,  free  also  from  any  oxide  which  has 
formed  by  the  action  of  the  air.     In  order  to  get  rid  of  any  oxide 
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which  may  have  formed,  or  rather  mth  a  notion  that  the  application 
prevents  its  formation,  smiths  have  a  variety  of  what  they  consider 
as  cures,  such  as  sprinkling  borax  over  the  surfaces  to  be  welded ; 
but  their  real  use — if  indeed  the  most  of  those  trade  nostra  have 
any  real  use— is  that  they  tend  to  keep  the  oxide  scale  more  fluid 
than  it  otherwise  might  be,  and  therefore  more  easily  removed  before 
the  welding  is  completed.  The  process  of  "  welding  "  is  one  of  the 
many  operations  which  are  carried  out  every  day  with  greater  or  less 
completeness,  but  of  the  real  nature  of  which,  or  why  the  results 
of  having  certain  conditions  in  the  metals  or  other  substances  should 
be  as  we  know  them  to  be,  we  know  little  or  nothing.  For  long 
the  process  of  welding,  or,  to  put  it  more  correctly,  the  reason  why 
two  pieces  of  iron,  for  example — the  metal  most  used  in  construction 
— could  be  so  thoroughly  joined  as  practically  to  make  one  piece 
possessing  uniformity  thix)ughout,  remained  simp^  a  mystery, — all 
we  knew  about  the  reason  why  being  that  we  knew  nothing,  how- 
ever much  we  might  guess  at  it,  or,  as  some  did,  boldly  asseH  that 
their  guesses  were  not  such,  but  absolute  solutions  of  the  problem 
or  puzzle.  And  although  we  certainly  do  know  more  about  it  than 
before,  thanks  to  the  close  observations  and  the  patient  investigations 
of  certain  scientists,  still  from  what  has  been  made  known  we  may 
safely  predicate  that  more  has  yet  to  be  discovered,  and  the  time 
may  come  w^hen  we  shall  grasp  the  key  which  will  give  the  solution 
of  the  puzzle.  Enough  has  fortunately  of  late  been  placed  before 
the  practical  man  to  enable  him  in  large  measure  to  obtain  the  best 
results  in  welding  processes. 

From  what  has  been  said,  the  young  reader  will  perceive  that,  as 
in  most  pieces  of  work  done  by  man,  there  is  in  this  of  "  welding " 
two  kinds  or  classes  of  it — the  good  and  the  bad ;  while  a  range  of 
work  lying  between  these,  approaching  either  the  one  or  the  other 
of  those  two  extremes,  may  form  a  third  class — the  indifferent. 
This  affords  a  paraphrare  of  the  well-known  proverb  of  the  French, 
who  say  that  there  are  faggots  and  faggots :  so  is  there  welding  cmd 
welding ;  and  it  is  only  right  to  state  that  while  there  are  things 
under  the  workman's  control,  by  attention  to  which  he  may  secure 
good  welding,  still  there  are  other  causes  beyond  his  control,  or  even 
ken,  which  may  make,  with  all  his  care  and  attention,  the  process 
more  or  less  defective.  The  first  point,  as  bearing  upon  these  points 
here  named,  to  which  we  draw  the  attention  of  the  young  reader,  is 
this :  that  the  better  the  quality  of  the  iron  to  be  welded,  and  the 
higher  its  price — and  price,  at  least  in  iion,  as  a  rule  defines  its 
quality — the  more  certainty  is  there  that  the  welding  will  be  good. 
High  or  fine  quality  of  iron  and   good  trustworthy  welding  run 
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therefore  on  all  fours,  or  pari  passu.  We  say  trustworthy  welding, 
and  that  is  in  reality  what  every  one  dealing  with  construction  should 
honestly  strive  to  attain  in  his  practice ;  for  when  we  consider  what 
may  depend — is  almost  certain  to  do  so — ^upon  the  integrity  of  a 
welded  part  of  a  machine  or  a  structure,  and  taking  the  higher  view 
of  how  much  the  giving  way  of  a  defective  welding  may  affect  life, 
it  is  impossible  to  exaggerate  the  importance  of  the  duty — a  duty  to 
himself  as  well  as  it  is  one  due  to  society — which  devolves  upon  the 
engineer  or  the  machinist  to  provide  himself  so  far  as  he  can  do 
with  the  best  metal  he  can  procure.  We  say,  so  far  as  he  can; 
for,  as  showing  the  inlerdependence  which  exists  between  all  those 
engaged  in  the  constructive  arts,  it  is  to  be  remembered  that  in 
this  matter  the  machinist  is  dependent  upon  the  iron  and  the  steel 
maker,  that  these  shall  truly  and  honestly  give  him  the  very  best 
material  which  can  be  made.  !N'o  doubt  the  question  of  first  cost 
comes  in  here  for  consideration ;  and  in  these  days,  when  it  seems  to 
be  the  object  of  but  too  many  of  us  to  get  things  at  the  cheapest 
rate,  the  question  of  first  cost  assumes  a  great  importance.  But, 
setting  aside  the  question  as  to  whether  it  is  worth  while  in  any 
case  to  use  the  cheapest,  inasmuch  as  it  naturally  involves  this — 
namely,  that  it  will  be  in  quality  the  poorest — the  question  really 
for  the  eugineer  or  machinist  to  decide  is  this :  will  it  not  in  reality 
be  the  cheapest  in  the  end  if  he  uses  the  very  best  materials  he  can 
obtain  ?  only  taking  this  view — that  if  on  the  contrary  he  employs 
cheap  and  therefore  as  an  almost  invariable  concomitant  bad  iron, 
and  a  fracture  or  breakdown  occurs  through  defective  welding,  the 
cost  not  only  of  making  good  the  welded  but  broken  part,  but 
perhaps  of  replacing  or  repairing  the  machine  injured  or  destroyed 
in  consequence  of  the  breakdown,  may  be  much,  very  much,  larger 
than  the  difference  in  the  price  between  the  bad  and  the  good  metal. 
In  saying  that  the  machinist  should  use  the  very  best  iron  he  can 
get — at  all  events  for  parts  which  have  to  be  welded — we  do  not 
infer  that  this  term  should  include  the  very  highest  qualities  of  iron 
in  the  market,  used  only  for  the  finest  work,  but  simply  that  he 
should  choose  the  best  quality  of  the  ordinary  or  general  machine- 
work  iron  he  can  obtain.  This,  of  course,  involves  the  other  point 
to  which  we  have  refen*ed — namely,  that  the  iron  master  or  the 
steel  maker  should  supply  ordinary  iron  of  such  a  quality  and  that 
so  regularly  that  the  machinist  may  take  from  his  stock  what  pieces 
he  requires,  having  the  full  knowledge  that  the  quality  of  the  metal 
he  uses  ordinarily  is  so  good  generally  that  no  special  selection  need 
be  made.  After  all,  the  moi^ale  of  engineering  and  machine  making 
is   as  much  bound  up  in  this  question  as  the  practical  and  the 
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scientific  points  are.  For  whether  we  ignore  it  or  not — and  seeing 
that  we  cannot  set  it  aside  if  we  would,  for  it  will  assert  itself — the 
character  of  the  man  is  the  point  round  which  the  matter  turns  as 
on  a  centre.  It  ought  to  be  looked  upon  as  the  duty,  and  it  certainly 
should  be  the  highest  ambition  of  the  engineer  or  the  machinist — as 
it  is,  we  are  proud  to  say,  the  characteristic  of  not  a  few  of  those 
who  ai*e  interested  in  the  work  and  progress  of  engineering  con- 
struction, using  this  term  in  its  widest  acceptation — ^to  give  the  very 
best  work  they  can  give,  and  if  this  be  the  principle  upon  which 
they  conduct  their  business,  it  will  bring  with  it  as  a  perfectly 
natural  concomitant  that  they  will  use  the  best  metal  for  those  parts 
at  least  which  have  to  be  welded — for  that  is  the  particular  work  we 
are  at  present  interested  in. 

But  it  is  not  only  necessary  that  the  iron  used  for  welding  pur- 
poses shall  be  of  the  best  quality,  using  this  term  as  involving  a 
higher  price  paid  for  it ;  it  is  also  requisite  that  the  iron  should  be 
uniform  in  its  constituents.  A  moment's  consideration  will  show 
the  great  importance  of  this.  The  more  uniform  in  constituents  the 
iron  is,  the  more  uniform  and  easily  efifected  will  be  the  welding. 
For,  looking  upon  it  as  a  process  of  fusion,  it  is  obvious  that  if  the 
iron  contains  some  constituent  which  has  a  dififerent  welding  or 
fusing  or,  as  we  may  say,  softening  point  from  that  of  the  mass 
generally,  there  must  be  a  want  of  uniformity  in  the  general 
softening  of  the  parts  to  be  joined.  And  such  foreign  constituents 
frequently  fuse  before  the  welding  point  of  the  iron  is  reached,  and 
thus  tend  to  render  weaker,  or  even  to  destroy,  the  cohesive  force 
of  the  iron,  this  in  point  of  fact  being  the  result  if  there  be  not 
uniformity  in  the  welding  or  fusing  point  throughout  the  mass  of 
iron.  The  capacity  for  welding  of  iron  depends,  amongst  other 
things,  apparently  upon  this  uniformity  of  constituents,  and  this  not 
only  as  regards  the  iron,  or  rather  different  varieties  of  iron,  present 
in  the  general  mass ;  inasmuch  as  there  may  be  present  some  metallic 
body  which  does  not  possess  the  capability  of  being  welded.  And  it 
is  obvious  that  if  any  foreign  substance  of  this  kind  be  present  in 
the  iron  at  the  point  at  which  the  welding  is  to  take  place,  there 
will  be  a  weld  defective  in  proportion  to  the  presence  of  this  un- 
weldable  metallic  substance.  The  more  plastic  the  iron  is,  the  more 
coherent  the  particles  are,  the  better  will  be  the  quality  of  the  weld, 
and  all  foreign  substances  present  in  it  tend  to  destroy  its  plasticity 
and  coherent  force.  And  these  characteristics  of  plasticity  and 
coherent  force  are  present  only  in  iron  which  is  not  crystalline  in 
character.  The  crystalline  character  in  iion  is  in  that  form  of  it 
known  as  cast  or  pig  iron,  and  cast  iron  is  totally  unweldable.     The 
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greater,  therefore,  the  tendency  to  crystallise  in  iron,  the  less  certain 
is  the  obtainment  of  a  good  and  sound  weld. 

A  high  Continental  authority  has  investigated  the  points  of  the 
process  of  welding  so  far  as  they  can  be  known  or  discovered ;  for 
after  all  which  has  been  made  known  there  is  still  a  something 
which  baffles  all  attempts  at  discovery,  and  which  we  are  accustomed 
to  talk  of  as  being  mysterious — an  easy  way  of  getting  out  of  a 
diliiculty.  According  to  this  authority,  the  effect  of  crystallisation 
or  tendency  to  crystallise  is  of  two  kinds.  One  of  these  is  that  when 
the  iron  crystallises  it  tends  to  inclose  or  bind  up  with  each  particle 
the  particles  of  foreign  substances  so  intimately  that  those  foreign 
substances,  being  of  the  class  already  noticed,  which  have  a  different 
liquefying  or  fusing  point  from  that  of  the  general  mass  of  iron, 
produce  the  evils  which,  as  causing  a  bad  weld,  we  have  already 
noticed.  The  effect  of  crystallisation  is,  in  the  second  place,  this : 
the  power  which  gives  form  to  the  crystals,  or  the  polar  or  other 
force,  whatever  it  may  be  (for  what  it  precisely  is  we  do  not  know 
positively)  which  is  the  cause  of  crystallisation,  has  apparently  the 
power  to  prevent  the  molecules  from  exercising  their  full  attractive 
influence  upon  those  other  molecules  with  which  they  are  in  imme- 
diate contiguity;  and  this  by  concentrating  the  attractive  power 
upon  the  one  set  of  molecules,  preventing  them,  in  short,  from 
attracting  their  near  neighbours,  and  thus  giving  rise  to  the  lack 
of  cohesive  property  and  of  plasticity  which  we  have  seen  to  be 
essential  to  good  welding.  The  third  and  last  cause  of  defective 
welding  is,  according  to  high  authority,  the  presence  of  oxidised 
portions  on  the  surfaces  of  the  pieces  of  iron  to  be  joined ;  and  of 
this  cause  it  may  be  said  that,  while  there  is  diversity  of  opinion  as 
to  the  existence  of  the  other  causes  we  have  named  above,  there 
seems  to  be  but  little  diversity  as  to  the  influence  of  this  one.  For 
on  all  sides  it  is  admitted  that  clean  surfaces  are  essential  to  sound 
welding;  and  with  substances  present  which  are  liable  to  oxidise 
good  welding  is  not  possible.  Now,  it  is  just  in  order  to  minimise 
the  evil  effects  of  oxidation  that  the  various  methods  used  by  smiths, 
such  as  throwing  borax  or  fine  pure  sand  on  the  surfaces  previously 
to  putting  them  together,  are  used.  But  the  oxidising  so  antagonistic 
to  good  welding  is  not  always  confined  to  the  surface,  for  constituents 
of  the  iron  as  a  whole  may  be  present  in  it,  and  at  points  deeper  in 
the  mass  than  the  surface ;  and  considering  the  high  temperature  at 
which  the  part  to  be  welded  is  kept,  it  is  reasonable  to  suppose  that 
they  do  come  to  affect  the  weldable  capacity  of  the  iron  prejudicially. 

The  young  reader  will  observe  that  all  the  points  we  have  named 
are  only  those  which  touch  the  subject  of  the  influences  which  may 
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be  brought  to  bear  upon  the  making  of  good  welds — points,  in  fact, 
to  be  avoided.  But  they  do  not  touch  the  question,  and  therefore 
give  no  answer  to  it.  What  is  welding?  or,  to  put  it  in  a  more 
precise,  definite  way  (for  we  know  what  welding  is— the  junction 
of  two  distinct  pieces  to  form  one) — How  is  the  process  brought 
about  ?  We  have  seen  upon  what  a  good  weld  depends,  or  is  likely 
to  depend,  but  we  do  not  know  what  it  really  is.  Roughly  stated, 
it  may  be  said  to  be  the  changing  of  the  lines  of  cohesion  of  the 
particles,  which  run  in  certain  defined  directions,  so  that  one  line 
ci-osses  the  other,  and  they  thus  get  locked,  so  to  say,  together, 
giving  such  a  force  of  cohesion  that  practically  the  welded  part  is 
as  strong  as  any  part  of  the  general  mass.  And  this  change  in 
the  direction  of  cohesion  of  particles  or  molecules  is  brought  about 
by  the  intense  heat  to  which  the  parts  to  be  welded  are  brought, 
and  the  cohesion  the  result  of  this ;  dependent  apparently  also  upon 
certain  conditions  which  scientists  have  formulated,  and  to  which  we 
have  drawn  the  attention  of  the  youthful  reader. 

Hardening  and  Tempering. 
As  another  and  a  very  striking  example  of  how  changes  in  the 
condition  under  which  bodies  are  placed  bring  about  changes  in  their 
properties,  we  have  now  to  notice  the  process  of  "hardening  and 
tempering  of  steel."  We  may  see  in  the  volume  entitled  "  The  Steel 
Maker "  the  wide  differences  in  the  definitions  of  this  most  import- 
ant metal,  scarcely  any  two  agreeing  as  to  what  steel  is,  or,  con- 
versely, what  are  the  consitituents  which  go  to  form  what  is  called 
or  should  be  called  good  steel.  We  may  here  repeat  what  appears 
to  be  the  safest  and  the  soundest  definition — namely,  that  steel  is  a 
compound  of  iron  and  carbon,  of  the  latter  not  less  than  |  and  not 
more  than  2  or  3  per  cent.  Or,  to  put  it  another  way,  as  done  by  a 
very  eminent  authority,  steel  is  iron  containing  just  as  much  carbon 
as,  while  it  does  not  prevent  pieces  of  it  being  welded,  will  admit  of 
the  metal  being  hardened  and  tempered.  This  definition  applies 
more  particularly  to  tool  steel,  but  it  may  be  taken  also  as  applicable 
to  steel  generally.  It  will  be  perceived  by  the  youthful  reader  that 
this  definition  of  steel,  which  we  believe  to  be  a  sound  one,  and 
which  is  corroborated,  so  to  say,  by  a  greater  amount  of  practical 
experience  than  other  definitions,  quite  excludas  all  other  consti- 
tuents. And  this  is  again  corroborated  by  the  fact  that  steels  which 
contain  only  iron  and  carbon,  and  are  free  from  other  ingredients, 
command  the  best  prices  from  tool  makers,  who  are  after  all  the  best 
exponents  of  what  is  really  wanted  in  a  steel  which  is  to  be  used  for 
tool   making.     In   the  above  definition   we  have  used  the  terms 
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*^  hardening  **  and  *'  tempering/'  and  it  is  by  chomging  the  conditions 
under  which  steel  exists  that  we  obtain  the  power  to  harden  on  the 
one  hand  and  to  temper  on  the  other.     The  ingredient  or  constituent 
to  which  steel  owes  its  capacity  for  hardening  is  due  to  the  carbon 
which  it  contains,  and  the  action  of  this  in  hardening  is  brought 
about  by  the  agency  of  heat.     We  take  a  piece  of  steel  as  it  leaves 
the  maker's  hands,  and  we  find  it,  like  wrought  or  malleable  iron, 
comparatively  soft,  becoming  dinted  by  hammer  strokes,  and  so  tough 
that  it  can  be  hammered  or  struck  freely  without  being  fractured. 
We  now  treat  it  in  a  furnace,  or  at  the  open  hearth  of  the  black- 
smith ;  and  after  it  has  attained  the  red  heat — ^known  technically  as 
a  "cherry  red" — ^we  take  it  from  the  heating  medium  and  suddenly 
reduce  the  heat  by  fluiging  it  say  into  cold  water :  we  find  on  taking 
it  out  when  cold  that  it  is  quite  changed  id  character,  and  from 
being  soft  and  fough  it  has  become  hard  and  brittle.     Hardness  is 
always  accompanied  by  brittleness,  and  the  quality  of  hardness  does 
not  alone  constitute  good  steel,  as  many  suppose.     Some  debasing 
constituents  confer  hardness  on  steel  in  which  they  are  present,  and 
might  therefore  be  presumed  to  be  good  ingredients ;  but  they  are 
(such  as  the  phosphorus)  debasing  constituents  nevertheless,  and  give 
to  the  steel  in  which  they  are  present  qualities  which  the  workman 
by  no  means  desires  to  have  in  the  metal  from,  which  he  forges  his 
tools.     The  quality  of  brittleness,  which  is  a  result  of  hardness,  mani- 
fests itself  in  different  ways:  it  will  obviously  not  show  itself  so 
readily  when  the  steel  is  in  a  large  mass  as  when  it  is  in  a  smaller 
mass.    And  grave  mistakes  have  been  made  in  estimating  the  quality 
— its  workshop  quality — by  testing  more  or  less  completely  large 
masses  as  large  only,  in  forgetf ulness  of  the  fact  that  the  steel  was 
not  to  be  used  in  masses  presenting  large  and  blunt-faced  surfaces, 
but  in  conditions  the  very  opposite  of  this- — in  small  bodies  com- 
paratively and  literally  so,  possessing  for  the  most  part  fine  edges 
and  small  points.     Tested  in  pieces  of  this  kind,  the  brittleness  which 
comes  from  mere  hardness  will  show  itself  in  a  decided  way  not 
relished  by  the  workman,  and  which  would  not  be  displayed  in  the 
same  thoroughly  practical  and  common-sense  way  in  the  case  of  pieces 
of  metal  of  the  opposite  character.     It  is  one  thing  to  say  that  a 
piece  of  steel  possessed  of  certain  ingredients  and  having  a  certain 
form  of  face  does  its  work  fairly  well ;  but  it  is  quite  another  thing 
to  say  that  the  same  quality  of  steel  will  do  its  work  well  when  it  is 
used  in  quite  other  and  different  conditions,  and  made  in  quite  a 
different  form.     This  habit  of  deciding  from  the  particular  to  the 
general,  without  looking  at  the  matter  all  round  in  order  to  see  all 
its  points,  has  done  much  to  retard  progress  in  the  mechanical  arts. 


THE  TECHNICAL  STUDENT'S   INTRODUCTION  TO   MECHANICS.    299 

As  heating  soft  steel  to  a  ''  cherry  "  heat  and  then  suddenly  quench- 
ing the  heat -through  plunging  it  into  a  cold  liquid  changes  the 
properties  of  softness  and  toughness  into  hardness  and  a  brittleness 
too  great  to  be  useful  for  the  majority  of  purposes,  so  this  brittle- 
ness is  got  rid  of,  and  this  to  the  point  desired,  by  re-subjecting  the 
piece  to  heat,  the  proper  degree  of  temperature  given  to  it  being 
determined  in  a  way  as  simple  as  it  is  effective,  and  which  will  pre- 
sently be  described.  Thus  reheating,  as  its  object  is  to  restore  some 
of  the  softness  and  toughness  of  the  metal,  and  conversely  to  reduce 
the  brittleness,  is  called  by  the  technical  names  of  "  tempering  "  or 
"letting  down."  These  terms  are  evidently  borjx)wed  from  the 
language  of  common  Hfe,  in  which  we  convey  the  idea  that  an  ebulli- 
tion of  bad  humour  or  temper  is  let  down,  or  made  less,  by  time  or 
other  influences,  as  steel  rendered  hard  by  heating  and  sudden  cool- 
ing has  its  brittleness  tempered  or  reduced.  Before  giving  the  few 
remarks  on  the  interesting  subject  of  "  tempering  "  of  steel  which 
our  space  alone  permits  us  to  lay  before  the  reader,  we  must  notice 
one  or  two  points  connected  with  the  "  hardening  "  of  steel,  as  they 
afford  usefully  practical  examples  of  how  the  properties  of  bodies 
are  changed  by  the  conditions  under  which  they  are  placed.  One 
feature,  and  that  which  gives  such  a  high  value  to  the  process  of 
hardening  is  this :  that  by  careful  arrangements  the  hardness  given 
to  steel  may  be  carried  through  a  long  or  wide  range  of  grades,  from 
the  maximum  to  the  minimum  of  extreme  hardness.  This  is  effected 
by  a  change  in  the  kind  of  cooling  gone  through.  The  liquids  used 
are  numerous — from  water  down  to  soapsuds  and  brine — some 
mechanics  having  liquids  of  their  own  composition,  to  which  are 
attached  a  certain  degree  of  mystery,  and  in  which  they  place  great 
faijbh.  Oils,  melted  tallow  and  grease,  various  kinds  of  acids  and 
other  liqviids,  are  all  used,  and  in  the  effective  value  of  each  its 
owner  or  user  places  the  greatest  confidence.  Others,  and  they  are 
possibly  the  great  majority,  believing  that  the  simplest  and  the 
most  easily  obtained  is  the  best,  use  cold  water  only.  The  methods 
of  heating  are  as  numerous  as  those  of  cooling — from  the  blowpipe 
in  the  case  of  small  and  delicate  articles  up  to  the  ordinary  smith's 
fire  for  those  which  are  heavier  and  more  bulky,  while  the  common 
open  grate  fire  is  not  seldom  used.  Melted  lead  baths  are  also  em- 
ployed; while  in  more  elaborate  methods,  closed  boxes  filled  with 
charcoal,  as  in  the  making  of  steel,  are  sometimes  used.  But  in  all 
the  object  is  to  heat  the  mass  thoroughly  and  as  uniformly  as 
possible, — to  which  end,  if  the  heating  medium  admits  of  the  plan, 
the  metal  to  be  heated  is  allowed  to  soak  or  lie  for  some  time,  so 
that  the  heat  will  permeate  the  whole  mass  throughout  all  its  mole- 
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cules.  To  this  there  are,  however,  exceptions,  according  to  the 
necessities  of  the  case:  thus,  some  tools  are  only  to'  be  hardened 
externally,  or  for  a  certain  distance  only  below  the  outer  surface, 
the  object  of  which  is  to  have  the  inside  of  the  original  softness,  or 
rather  toughness,  while  the  working  or  outside  surface  is  hard.  In 
this  case  the  article  is  immersed  for  a  short  time  only  in  a  bath  of 
melted  lead  heated  to  redness.  One  would  be  inclined  to  conclude 
that  so  long  as  the  object  was  heated  it  would  not  matter  much  how 
or  in  what  manner  the  heating  was  done.  But  this  conclusion 
would  be  erroneous,  as,  like  many  other  processes,  there  are  the 
right  and  the  wrong  ways  of  doing  the  work,  and  the  right  way 
demands  more  care  than  the  wrong — hence  it  is  apt  to  be  set  aside 
for  the  easier  of  the  two.  But  carefully  as  the  heating  should  be 
managed,  the  cooling  demands  even  more  attention  and  care :  the 
mere  disposition  or  position  in  which  the  articles  are  placed  in  the 
cooling  liquid,  such  as  water,  requires  to  be  thought  about ;  for  by 
bad  disposition  unequal  contraction  would  take  place.  This  might 
be  exemplified  by  the  dipping  of  long  narrow  objects,  which  should 
be  in  the  direction  of  the  length,  being  dipped  end-on  ;  if  laid  down 
on  the  sides  a  twisted  piece  would  bo  the  result,  from  the  unequal 
contraction  of  the  sides,  which  would  give  a  bellied  or  curved  appear- 
ance in  place  of  straight.  Again,  as  a  body  of  unequal  thickness, 
having  some  parts  of  less  bulk  or  thinner,  would  be  unequally  heated 
as  regards  the  time  taken — the  thin  parts  heating  sooner  than  the 
thick  ones — so,  in  the  cooling,  the  thin  would  be  cooled  long  before 
the  thick  parts,  and  thus,  if  not  actual  fracture,  distortion  would 
take  place.  In  place  of  actual  cold  baths,  small  articles  are  cooled 
down  by  holding  them  with  iron  pincers  the  metal  of  which  is  cold. 

There  are  other  points  to  be  considered,  but  which  for  the  present 
must  be  passed  by.  We  hasten  on,  then,  to  those  connected  with  the 
tempering  or  letting  down  of  the  hardness  and  brittleness  which  are 
due  to  the  preceding  or  hardening  process.  It  is  not  every  tool  or 
piece  of  steel  which  requires  to  be  tempered :  the  working  parts  of 
files  are,  after  they  are  cut,  hardened  to  the  degree  required  ;  and  it 
is  only  the  fangs  or  tails,  which  are  inserted  into  the  hole  or  slot 
made  in  the  handle — this  being  the  part  on  which  the  strain  comes 
— which  therefore  require  toughening  or  strengthening  by  having  the 
brittleness  reduced.  The  principle  upon  which  "tempering"  or 
letting  down  the  brittleness  is  carried  out  is  simple,  the  rule  being 
that  the  softening  or  letting  down  is  proportionate  to  the  tempera- 
ture to  which  the  article  is  subjected.  As  the  tempei^ature,  so  the 
tempering.  The  higher  the  heat,  and  the  more  the  brittleness  or 
hardness  is  let  down,  the  softer  becomes  the  metal.     We  have  stated 
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that  the  hardening  process  can  be  carried  through  a  wide  range 
from  the  minimum  to  the  maximum  points.  The  value  of  this  to 
the  practical  man  is,  it  will  be  perceived,  very  great ;  and  when  we 
say  that  the  tempering  process  has  the  same  peculiarity  attached  to 
it,  the  increase  of  value  to  the  tool  maker  by  this  combination  will 
be  noticeable.  How  the  differeii'j  grades  of  hardness  may  be  obtained 
we  have  briefly  glanced  at ;  but  the  principle  upon  which  the  grading 
of  tempering  is  based  is  one  more  precise  and  definite  because  more 
Scientific.  It  may  be  noted  here,  however,  that  of  those  who  avail 
themselves  of  the  piinciple  involved  but  few  are  aware  how  scientific 
it  is,  or  by  whose  master-mind  the  phenomena  upon  which  it  is  based 
were  investigated  and  their  principle  formulated  and  expounded.  If 
we  take  a  polished  or  clean  smooth-surfaced  piece  of  hard  steel  and 
expose  it  to  a  high  heat — as  the  flame  of  a  spirit  lamp  or  the  equally 
smokeless  heat  of  a  charcoal  fire — it  will  be  observed  that  the  polished 
surface  becomes  changed,  or  what,  were  it  not  for  the  beautiful 
tints  which  pass  over  it,  would  be  called  tarnished.  Those  tints  or 
shades  begin  at  the  lowest  temperature  of  say  420°  Fah.,  and  with  a 
light  straw-coloured  yellow  pass  through  various  shades  of  this  colour 
up  to  that  of  brown,  then  purple  and  through  shades  of  blue  up  to  a 
deep  or  blackish  blue  at  the  temperature  of  640°  or  that  of  boiling 
lead.  These  different  shades  of  colour  are  the  films  due  to  incipient 
oxidation,  the  product  of  the  temperature  to  which  the  metal  is 
subjected,  which  films  of  colour  or  oxidation  were  first  investigated 
and  explained  by  the  great  master  of  physics,.  Sir  Isaac  Newton,  in 
his  work  on  optics.  Each  of  the  films  of  oxidation,  or  of  colours  due 
to  these,  are  produced  at  certain  fixed  temperatures,  thus :  (1)  Pale 
straw  shade  is  produced  at  420°  Fah.;  (2)  straw  shade  at  450°; 
(3)  straw  yellow  shade  at  480°;  (4)  nut  brown  shade  at  500°; 
(5)  purple  at  530°;  (6)  bright  blue  shade  at  580°;  (7)  deep  blue 
shade  at  590° ;  and  (8)  blackish  blue  at  640°.  But  as  it  takes  some 
practice  to  distinguish  precisely  the  different  tints,  and  as  some  can 
never  feel  such  confidence  in  their  appreciation  of  tones  or  shades  of 
colour,  other  methods  have  been  devised  by  which  the  results  of 
temperature  are  obtained  in  a  much  more  simple  way.  One  is  to 
use  alloys  which  melt  at  the  temperature  corresponding  to  the 
colours  we  have  named ;  and  into  the  baths  thus  made  the  articles 
to  be  tempered  are  plunged.  Thus,  with  a  given  alloy,  which  can  be 
used  again  and  again,  a  given  temperature  is  insured,  so  that  all 
that  the  artisan  has  to  do  is  to  select  the  alloy  corresponding  to  the 
temperature  or  to  the  shade  which  gives  the  temperature  required, 
melt  this,  and  plunge  the  article  to  be  tempered  into  the  bath  thus 
produced.     Thus,  if  he  wishes  to  temper  to  the  shade  of  pale  straw 
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(1),  his  alloy  is  formed  of  7  parts  of  lead  and  4  of  tin,  which  melts 
and  becomes  fluid  at  420°.  The  following  are  the  alloys  the  melting 
points  of  which,  or  fusing  temperatures,  are  those  of  the  various 
shades,  as  numbered  above :  (2)  8  parts  lead,  4  tin ;  (3)  8|  parts 
lead,  4  tin ;  (4)  14  parts  lead,  4  tin ;  (6)  19  parta  lead,  4  tin ;  ^6)  48 
parts  lead,  4  tin ;  (7)  50  parts  lead,  2  tin ;  and  the  bath  having  a 
temperature  of  640%  corresponding  to  blackish  blue  (8),  is  wholly  of 
lead,  which  melts  or  becomes  fluid  at  that  temperature.  The  other 
method  substituted  for  that  of  tempering  by  the  shade  of  colour 
produced  at  given  temperatures  is  one  not  so  elegant  or  so  simple  as 
the  bath  of  alloys  of  lead  and  tin  or  of  melted  lead.  This  is  based 
on  the  fact  that  if  tallow  is  subjected  to  varying  and  comparatively 
high  temperatures,  its  conduct  or  behaviour  goes  through  certain 
stages  showing  certain  indications.  .Thus,  when  the  heat  is  such 
that  it  vaporises,  this  indicates  that  the  temperature  is  420°,  corre- 
sponding to  the  pale  straw  shade,  No.  1.  When  under  the  influence 
of  a  rising  temperature  the  tallow  smokes,  this  corresponds  to  shade 
No.  2.  When  a  greater  quantity  of  smoke  is  produced,  this  shows  a 
temperature  corresponding  to  that  of  shade  No.  3.  When  the 
smoke  becomes  dense  or  very  thick  the  temperature  of  shade  No.  4 
is  reached.  Black  smoke  gives  the  temperature  of  No.  5;  and  if 
flashes  are  obtained  on  the  application  of  a  lighted  match  or  taper, 
the  temperature  indicated  is  that  of  shade  No.  6 ;  when  the  tallow 
bums  continually  the  temperature  is  that  of  No.  7 ;  and  when  the 
tallow  totally  disappears,  or  is  consumed,  the  temperature  corresponds 
to  that  of  boiling  lead,  or  shade  of  colour  No.  8.  The  tallow  is 
smeared  over  the  surface  of  the  articles  to  be  tempered,  the  heat 
being  applied  in  one  or  other  of  the  methods  employed  as  when  the 
colour  test  is  used.  There  are  other  methods  of  tempering  or  re- 
ducing or  letting  down  the  brittleness  of  hardened  steel,  such  as  a 
bath  of  boiling  linseed  oil,  which  is  said  to  have  the  eflect  of  toughen- 
ing as  well  as  tempering  the  steel.  The  different  temperatures 
indicated  above  are  used  for  different  kinds  of  cutting  instruments 
on  which  edges  of  different  finenesses,  etc.,  are  required.  Thus, 
No.  1  is  used  for  the  tempering  of  tools  used  in  cutting  iron,  and  for 
surgical  instruments,  in  which  the  finest  edges  are  required.  This  is 
the  highest  degree  of  tempering,  and  leaves  the  metal  with  the  most 
brittle  edges.  The  temperatures  Nos.  2  and  3  are  used  in  the  tem- 
pering of  drills  and  other  tools  for  watchmakers,  drawing-instrument 
makers,  and  for  tools  used  in  the  turning  of  brass;  temperature 
No.  3  for  pocket  knives  of  fine  quality,  razors,  etc.  Temperature 
No.  4  is  used  for  tempering  carpenters'  tools  for  cutting  hard  and 
dense  woods,  for  scissors,  stone  cutting  and  dressing  tools ;  tempera- 
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ture  No.  5  for  pocket  knives  of  a  lower  and  stronger  class  than  fine 
pocket  knives,  for  culinary  and  domestic  service,  the  ordinary  tools  of 
the  carpenter  and  the  joiner ;  temperature  No.  6  for  implements  of 
war — as  swords,  axes,  etc. ;  temperature  No.  7  for  articles  requiring 
what  is  called  "spring"  temper,  as  the  springs  for  watches  and 
needles.  The  lowest  temper  is  that  used  for  saws  to  cut  wood  of  the 
ordinary  soft-grained  descriptions. 

We  have  seen  that,  in  the  formation  of  metallic  vessels  of  various 
kinds,  which  are  made  by  hammering,  pressing,  or  forging,  the  hard- 
ness and  brittleness  which  comes  to  the  metal  when  long  under  the 
work  is  removed  by  the  process  called  "annealing,"  by  which  the 
softness  and  toughness  is  restored,  and  the  metal  once  more  in  a 
condition  in  which  the  molecules  can  be  drawn  out  or  its  fluidity 
restored.  In  the  working  of  steel  this  process  of  annealing  plays  an 
important  part  in  some  departments,  in  which  it  is  desired  to  give 
to  the  metal  the  highest  degree  of  softness.  The  steel  is  at  first 
heated  red  hot,  and  then  allowed  to  cool  with  great  slowness.  To 
insure  the  steady  gradual  cooling,  various  methods  are  adopted  in 
practice.  In  ordinary  working  of  steel  for  the  making  of  tools,  the 
metal  after  being  heated  red  hot  is  buried  in  a  thick  layer  of  ashes. 
This  conserves  the  heat  for  a  considerable  time,  and  as  the  metal 
parts  with  it  very  slowly,  but  at  each  period  of  time  parts  with  a 
certain  increment  of  heat,  no  matter  how  minute,  it  gradually  arrives 
at  the  temperature  of  the  surrounding  air.  A  method  of  annealing 
which  presents  some  curious  anomalies  is  that  adopted  in  what  is 
called  the  annealing  of  the  wire  used  for  musical  instruments,  as 
pianos,  harps,  etc.  This,  as  is  well  known,  possesses  a  high  degree 
of  toughness.  The  metal,  as  is  usual  in  annealing  work,  is  made  red 
hot,  but  in  place  of  plunging  it  into  a  bath  of  cold  it  is  immersed  in 
one  of  boiling  water.  The  temperature  of  this  being  at  the  point 
when  the  water  reaches  the  highest  stage  of  heat  reception,  when 
steam  or  vapour  is  about  to  be  formed,  the  steam  bubbles,  or  what 
would  immediately  be  steam  collects  round  the  wire  or  metal  surface 
in  the  form  of  little  globules,  and  the  result  is  that  for  some  time 
the  wire  heat,  in  place  of  being  lowered  or  quenched,  is  kept  at 
redness,  and  then  gradually  cools,  the  result  being  a  certain  amount 
of  softness  of  metal  with  an  unusual  degree  of  toughness.  From 
experiments  made  by  the  metallurgical  authority,  Mr.  M.  W. 
Williams,  it  would  appear  that  hard  cast  or  crucible  steel  wire 
annealed  in  this  way  stood  the  bending  tests  much  better  than  wire 
annealed  in  other  ways.  Of  the  two  steels  made  not  in  one  or  other 
method  of  making  modem  mild  steel,  but  in  what  may  be  called  the 
old-fashioned  ways — cast  or  crucible  and  sheat  steel — ^the  cast  or 
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crucible  steel  undergoes  the  process  of  hardening  better  than  the 
Bhear  steel,  and  is  less  subject  to  distortion. 

Malleabiligation  and  GMUing  of  Cast  Iron. 
There  are  other  changes  in  the  properties  of  bodies  brought  about 
by  changes  in  the  conditions  under  which  they  are  placed.  For 
example,  we  have  said  that  cast  iron  is  a  metal  which  does  not  pos- 
sess the  property  of  malleability — that  is,  it  is  not  capable  of  having 
the  form  of  any  piece  of  it  altered  by  hammering:  any  attempt 
made  to  change  its  form  by  the  use  of  the  hammer  would  result  in 
breaking  up  or  smashing  up  the  piece  if  the  hammer  were  strong 
enough  and  the  force  of  its  impact  or  blow  great  enough.  Cast  iron 
is  so  brittle,  and  this  brittleness  is  so  easily  developed  into  the  break- 
ing up  or  rupturing  point,  that  large  pieces  have  been  known  to 
break  up  with  very  slight  changes  of  temperature — even,  indeed,  to 
give  way  suddenly  without  any  apparent  cause,  and  after  sustaining 
weight  or  being  under  strains  for  a  considerable  period  without 
showing  any  signs  of  weakness.  Hence  cast  iron,  when  used  for 
constructive  purposes,  such  as  for  beams  or  girders  for  sustaining 
heavy  weights,  is  looked  upon  with  suspicion,  as  being  essentially  a 
treacherous  material,  and  is  therefore  now  rarely  used  in  buildings  in 
this  way,  the  material  having  been  for  many  years  almost  wholly 
superseded  by  wrought  iron.  A  further  advance  in  safety  in  con- 
struction has  been  made  in  the  use  of  mild — Bessemer  or  Siemens — 
steel,  which  in  the  future  bids  fair  to  supersede  wrought  iron  even 
more  completely  than  wrought  iron  has  superseded  cast  iron.  But 
this  last-named  material  has  maintained  its  place  longer  than  it  is 
likely  it  would  have  done,  chiefly  from  the  ease  with  which  it  gives 
variety  of  form,  and  the  advantages,  such  as  they  are,  of  ornamented 
decoi'ation.  But  great  as  are  the  disadvantages  attendant  upon  the 
use  of  cast  iron,  as  in  the  case  of  beams  which  are  subjected  to 
strains  of  tension  as  well  as  compression,  it  is  so  useful  in  many  ways, 
from  its  ready  adaptability  to  a  wide  variety  of  positions  in  a  build- 
ing, etc.,  and  it  is  so  well  calculated  to  sustain  compressile  strains  cr 
pressures  that  it  will  be  long  used,  not  only  in  buildings,  but  in  the 
framework  of  machines.  It  is  in  the  latter  department  of  construc- 
tive work  that  cast  iron  is  so  largely  used,  as  it  can  be  run  int^o 
moulds  giving  an  almost  endless  variety  of  forms,  but  in  which  its 
brittleness  is  a  great  disadvantage.  But  this  has  been  got  largely 
over  by  the  adoption  of  the  new  process,  by  which  a  certain  degree 
of  malleability  is  imparted  to  the  metal,  sufficient  in  amount  to 
enable  the  parts  to  sustain  a  fair  amount  of  severe  hammering 
without  rupture.     The  process  is,  however,  adaptable  only  to  small 
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parts  of  machines  which  have  their  form  given  to  them  by  moulding 
or  casting,  the  process  being  in  no  way  designed  to  give  to  pieces  of 
cast  iron  of  indeterminate  form  and  size  the  capability  of  being,  like 
wrought  iron,  hammered  or  forged  into  various  forms.  The  process 
is  indeed  designed  mainly  to  give  an  inci'eased  immunity  from  pieces 
being  suddenly  fractured  by  the  blows  or  hard  usages  to  which,  as 
in  agiicultural  machines,  they  are  so  often  subjected.  The  mere 
fact  that  the  pieces  of  cast  iron  to  be  malleabilised  have  to  be  put 
into  boxes  to  undergo  the  process  obviously  limits  the  dimension  or 
bulk  ;  hence  its  applicability  in  machine  construction  to  those  forms 
which  are  in  large  demand,  such  as  in  the  various  agricultural 
machines  and  implements  of  which  so  many  are  made  in  our  large 
farm  engineering  factories.  The  articles  or  pieces  to  be  made  partly 
malleable  (for  this  is  all  which  is  aimed  at)  are  placed  carefully  in 
the  interior  of  chests,  being  surrounded  by  and  kept  separate  from 
each  other  by  a  non-conducting  material ;  the  cover  of  the  vessel 
being  securely  luted  down,  the  chests,  several  at  a  time,  are  placed 
in  the  interior  of  a  chamber  or  kiln,  and  subjected  to  a  high 
temperature.  After  being  a  sufficiently  long  time  exposed  to  the 
high  heat,  they  are  left  ultimately  to  cool  down  in  the  boxes,  and 
when  taken  out  are  so  far  changed  in  condition  as  to  possess  the 
characteristic  of  malleability  to  an  extent  sufficient  to  enable  them  to 
resist  blows  without  fracturing,  so  that,  if  necessary  they  can  be  bent 
or  twisted  to  a  slight  extent. 

Cast  iron,  although  very  brittle,  owes  much  of  its  strength  as  a 
piece  to  its  having  its  outer  surface  covered  with  a  thin  film  of 
great  hardness:  this,  which  is  called  its  "skin,"  seems  to  bind  the 
mass  together  with  a  col\esive  force  sufficient  to  enable  it  to  resist 
certain  strains  very  effectively ;  but  when  it  is  broken  the  piece  is 
more  easily  fractured.  This  skin  at  all  events  gives  this  great 
advantage  to  parts  made  of  cast  iron  subjected  to  great  and  even 
to  slight  friction  if  long  continued,  which  otherwise  would  wear 
down  the  metal  of  the  main  body  below  the  "  skin," — a  capability 
to  resist  the  wearing-away  action  to  an  extent  which  maintains  their 
working  integrity  for  a  much  longer  period  than  would  be  the  case  if 
the  "  skin "  did  not  exist.  But  when  once  the  "  skin "  is  fairly 
broken  through,  the  wearing  down  of  the  metal  goes  on  with  great 
rapidity,  as  every  apprentice  worker  in  metals  knows  in  the  case  of 
the  ordinary  mixtures  of  pig  iron.  In  former  times,  as  now,  the 
shares  of  ploughs — or  that  part  which  first  acts  on  and  separates 
the  furrow  slice  from  the  solid  ground,  and  tends  to  lift  it  up  and 
partly  separate  it  from  the  ground  soil,  to  receive  the  ultimate 
turning-over  action  of  the  mould-board  or  tum-fuiTOW — were  mado 
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of  cast  iron.  Although  the  soil  is  comparatively  soft,  it  affords  a 
fair  exemplification  of  how  the  long-continued  rubbing  action  of 
even  very  soft  substances  can  wear  away  the  hardest  surfaces,  as 
the  long- continued  attrition  of  water  wears  down  into  all  sorts  of 
forms,  and  gives  polished  surfaces  to  pebbles,  greatly  aided  in  this 
case,  no  doubt,  by  the  rubbing  action  of  the  pebbles  against  one 
another  under  the  face  of  waves  or  of  running  water.  The  result 
of  the  conditions  under  which  the  ploughshares  did  their  work,  even 
in  the  softest  and  freest-from-stones  of  soils,  was  that  they  wore  out 
with  great  rapidity,  and  constituted  no  small  item  in  the  general 
bill  for  repairs  and  renewals.  Eobert  Ransome,  the  founder  of  the 
now  celebrated  agricultural  machine  works  of  the  Ransomes  at 
Ipswich,  conceived  the  idea  of  hardening  still  more  the  natural  skin 
of  the  cast-iron  share  of  the  plough,  or  of  making  it  much  thicker, 
so  that  in  either  case  it  would  much  longer  resist  the  wearing-down 
action  of  the  soil.  This  he  carried  out  by  casting  the  share  in  a 
cast-iron  mould,  substituting  this  for  the  ordinary  moulder's  sand. 
His  idea  was  that  as  the  fused  metal  in  being  poured  into  the  mould 
came  in  contact  with  the  colder  surface  of  the  cast-iron  mould,  it 
would  be  so  suddenly  reduced  in  temperature  that  it  would  contract 
and  contracting  harden.  The  result  of  his  preliminary  trials  was  so 
satisfactory  in  giving  a  hard  practically  impenetrable  skin  to  the 
share,  that  he  at  last  succeeded  after  long  and  patient  trial  in  intro- 
ducing his  system  of  casting,  to  which  he  appropriately  gave  the 
name  of  "  chilling.'^  This  process  forms  now  one  of  the  most  import- 
ant branches  of  the  iron  moulder's  calling,  and  gives  rise  to  some 
of  the  most  interesting  phenomena  of  the  metallurgist's  art  and  to 
some  ingenious  manifestations  of  the  moulder's  skill.  The  effect  of 
the  "  chill "  or  cold  cast-iron  mould  surface  upon  the  fused  metal 
poured  into  the  mould  is  practically  to  give  it  a  coating  of  a  metal 
the  condition  of  which  in  its  hardness,  in  its  resistance  to  friction 
or  a  rubbing  influence,  more  resembles  the  properties  of  steel  than 
of  cast  iron.    (See  the  **  Iron  Maker.") 

What  the  "  chill "  system  does  for  cast  iron,  the  process  of  what 
is  called  "^case  hardening"  does  for  wrought  iron.  A  complete  change 
in  the  character  of  the  metal,  some  points  of  which  are  of  great 
interest,  sets  in,  so  that  the  soft  exterior  surface  of  the  wrought  iron 
is  changed  into  one  as  hard  as  the  hardest  steel.  The  articles  of 
wrought  iron  are  covered  over  with  charcoal,  and  the  whole  subjected 
to  a  high  heat.  The  operation  is,  however,  much  more  effective  if 
the  iron  is  covered  with  a  mixture  of  horn  shavings,  bone  dust,  hoof 
parings,  or  cuttings  or  shavings  of  leather ;  and  those  animal  sub- 
stances give  up  their  carbon  to  the  soft  iron  much  more  readily  and 
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quickly  than  the  charcoal^  thus  converting  it  into  a  species  of  steel. 
The  process  is,  in  fact,  one  very  closely  resembling  the  method  of 
making  steel  known  by  the  name  of  annealation.  The  only  differ- 
ence is  that  in  the  process  of  case  hardening  the  conversion  of  the 
soft  wrought  iron  by  the  absorption  of  carbon  is  only  partially 
carried  out,  to  a  small  depth  below  the  surface ;  while  in  the  true 
steel-making  process  of  annealation  the  process  is  carried  out  till  the 
whole  mass  of  wrought  iron  is  changed  into  sfceel.  One  great  advan- 
tage obtained  by  the  case-hardening  process  is,  that  the  interior  of 
that  part  of  the  metal  treated  by  it  is  possessed  of  all  the  toughness 
of  wrought  iron,  with  an  exterior  as  hard  as  steel.  This  renders  the 
process  peculiarly  well  adapted  for  all  forms  of  spindles,  shafts,  part 
of  which  revolve  in  bearings.  For  these  and  such-like  purposes  the 
new  forms  of  steel  now  in  the  market  are  formidable  rivals.  We  now 
take  up  the  consideration  of  other  properties  of  bodies  or  substances. 

Properties  or  Physical  Characteristics  of  Bodies. — ^Hardness. 
The  property  in  bodies  to  which  we  give  the  name  of  "  hardness  " 
is  caused  by  the  polarity  of  the  atoms,  which  gives  a  force  by  which 
they  maintain  themselves  in  an  arrangement  peculiar  to  the  body. 
One  would  naturally  suppose  that  the  more  dense  a  body  was,  the 
harder  it  would  be.  Density  is  that  polarity  of  the  atoms  or  mole- 
cules which  admits  of  movement  among  them  without  destroying 
their  original  or  peculiar  characteristic.  The  hardness  of  a  body  is 
therefore  in  proportion  to  that  peculiar  polarity  which  is  due  to  what 
may  be  called  its  natural  condition  or  arrangement  of  its  molecules ; 
so  that  a  body  may  be  very  dense,  and  yet  it  may  not  afford  a  good 
example  of  hardness,  or  stand  the  test  of  this,  which  is  usuaDy  its 
capability  to  scratch  or  cut  the  surface,  or  make  an  impression 
thereon  of  another  body.  Thus  steel,  which  is  an  exceedingly  dense 
metal,  in  one  condition  is  very  soft;  in  another — that  is,  when 
tempered — is  exceedingly  hard,  so  hard  that  it  can,  like  the  diamond 
— which  is  the  hardest  of  all  substances — cut  glass,  or  scratch  it  so 
deeply  that  the  original  piece  can  easily  by  slight  force  of  the  fingers 
be  separated  into  two.  The  difference  between  hardness  and  density 
is  exemplified  in  the  diamond  just  named.  This  is  the  hardest  of  all 
known  substances ;  with  it  every  other  body,  however  hard  it  may 
itself  be,  can  be  scratched  or  scored.  It  will  cut  glass,  which  may 
be  taken  as  an  emblem  of  a  hard  body.  Yet  the  diamond  is  not 
nearly  so  dense  as  gold,  which  is  a  soft  body  four  times  heavier  or 
more  dense  than  the  diamond.  Steel,  which  in  one  condition  is  so 
hard  that,  like  the  diamond,  it  can,  as  stated  above,  cut  glass,  yet 
is  not  so  dense  by  one-half  as  mercury — or  quicksilver,  as  it  is  popu- 
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larly  called.  The  term  or  word  hard  is  purely  the  Old  English  heard 
(with  the  dropping  of  a  letter),  which  signifies  something  firm,  solid, 
compact — something  opposed  to  or  the  opposite  of  that  which  is 
known  or  said  to  be  soft — that  is,  which  yields  easily  to  pressure, 
and  which  is  also  an  Old  English  word,  so/te.  Taking  the  attribute 
hardness  as  opposed  to  that  of  softness,  or  that  which  cannot  be 
pressed  or  resists  pressure,  it  is  to  be  noted  that  the  characteristic 
is  purely  relative.  We  may  take  a  certain  substance,  and  finding 
that  it  resists  a  certain  pressure,  we  say  that  it  is  hard.  But  it 
is  not  absolutely  so — only  relatively  so,  to  the  degree  of  pressure  put 
upon  it — for  with  a  greater  force  we  may  be  able  to  make  the 
substance  susceptible  to  pressure.  It  is  not  easy  to  conceive,  indeed, 
of  a  substance  or  body  absolutely  hard :  the  diamond  has  hitherto 
been  taken — is  now  taken — as  the  representative  of  the  characteristic 
of  bodies  known  as  hardness ;  but  other  bodies  may  yet  be  discovered 
which  will  as  readily  scratch  the  diamond,  or  rub  or  wear  it  down, 
as  the  diamond  scitttches  glass.  Hardness  is  also  dependent  in  many 
instances  upon  the  condition  in  which  the  substance  or  body  is  placed 
for  the  time  being.  Thus,  clay  in  its  natural  condition  may  in  one 
sense  be  taken  as  an  emblem  of  softness,  as  it  yields  so  readily  to 
pressure  that  it  can  be  moulded  or  made  to  assume  a  variety  of 
forms,  such  as  that  of  a  brick,  or  one  or  other  of  the  numerous  forms 
which  our  domestic  articles  take.  These,  when  subjected  to  the 
action  of  a  high  temperature,  become  so  hard  that  they  resist  great 
pressure,  and  are  known  and  said  to  be  hard.  Still  those  hard 
articles  are  all  clay,  only  in  a  changed  condition.  This  capability  to 
change  the  characteristic  of  bodies  by  changing  their  conditions  has 
been  of  infinite  service  to  man — of  which  perhaps  the  most  striking 
example  is  that  of  steel.  This  in  a  certain  state  is  a  soft  or  com- 
paratively soft  substance ;  but  subjected  to  a  high  temperature,  and 
then  suddenly  cooled,  it  becomes  quite  hard — hard  as  we  have  said, 
nearly  as  diamond — yet  it  is  the  same  substance.  This  process  of 
heating  steel  is  known  as  "tempering,"  in  connection  with  which 
there  are  many  curious  and  suggestive  facts  of  great  interest  to  the 
mechanic,  as  wiQ  have  been  seen  from  what  we  have  said  on  this 
subject. 

Brittleness. 

This  characteristic  is  derived  from  the  condition  of  the  constituents 
or  molecules  or  particles  of  a  body  in  which,  while  there  is  hardness 
and  elasticity  up  to  a  certain  point  of  completeness,  there  is  that 
condition  in  which  the  cohesion  of  the  constituents  is  so  slight  that 
it  takes  but  little  force  to  separate  them — hence  the  body  is  easily 
ruptured  or  broken  into  pieces.     The  term  brittleness  is,  like  that 
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of  hardness,  derived  from  the  Old  English — in  this  case  from  hryttarhy 
to  break  in  pieces.  Hardness  and  orittleness  may  exist  to  a  high 
degree  in  the  same  body,  as  in  the  case  of  glass — which  is  generally 
accepted  as  the  very  emblem  of  brittleness,  as,  though  hard,  it  may 
be  broken  with  a  slight  blow  from  a  light  stick,  or  even  by  a  smart 
stroke  of  the  hand.  Nothing  in  popular  estimation  is  so  fragile  as 
glass — this  last-named  term  being  synonymous  with  brittleness — 
both,  indeed,  meaning  the  same  thing ;  the  one  (brittleness)  being 
derived,  as  we  have  seen,  from  the  Old  English  word  hryttarhy  to 
break,  the  other  irom/ragUiSf  easily  broken,  and  tfiis  irom  frangere, 
the  Latin  verb  to  break.  Steel  in  its  highly  tempered  condition, 
although  as  hard  almost  as  the  diamond,  is  so  brittle  that  a  very 
slight  pressure  or  a  light  blow  will  break  it,  as  every  one  who  uses 
exceedingly  sharp,  highly  tempered  steel  cutting  implements  knows 
to  his  cost  and  trouble.  Cast  or  pig  iron,  though  much  harder  than 
wrought  or  malleable  iron,  is  nevertheless  very  brittle,  and  so  uncer- 
tainly does  this  brittleness  exert  itself  that  as  a  constructive  material 
it  is  not  to  be  depended  upon,  frequently  giving  way  or  breaking,  as 
in  the  case  of  beams,  when  least  expected, — hence  it  is  classed  as  a 
treacherous  material. 

Pliancy— Tenacity. 

The  property  of  bodies  known  as  "  elasticity  "  has  in  a  preceding 
paragraph  been  treated  of ;  we  pass  on,  therefore,  to  the  next  pro- 
perty of  bodies  to  be  noted,  and  this  is  "pliancy."  Popularly 
described,  this  property  is  that  which  enables  a  body  or  substance 
to  be  bent  or  folded  up  or  together,  and  is  generally  best  illustrated 
in  vegetable  and  animal  fibres,  as  the  fibre  of  cotton,  flax,  wool,  or 
silk.  Many  metals  are  exceedingly  pliable,  as  copper  or  steel  wire, 
which  are  easily  bent — lead  the  same,  and  when  in  sheets  easily 
folded.  The  word  "pliable"  is  derived  from  the  Latin  plicare,  to 
bend  or  fold,  or  more  directly  from  the  French  plieVf  to  bend  or  ply. 
The  term  to  "  plait "  comes  from  the  same  root,  meaning  the  bending 
round  of  fibres  or  of  string  so  as  to  form  a  species  of  cloth  or  fabric. 

The  next  characteristic^  or  property  of  bodies  is  "  tenacity,"  which 
term  is  derived  from  the  Latin  tenax,  te'ncms,  and  this  from  tenercy 
to  hold — meaning  that  the  atoms  or  molecules  or  constituents  of  a 
body  held  well  together,  are  not  easily  separated — that  is,  that  they 
cohere,  as  the  term  is,  together.  The  term  "cohere"  in  its  derivation 
gives  a  good  idea  of  the  property  of  tenacity,  it  coming  from  the 
Latin  words  con,  with  or  together,  and  hcerere,  to  stick — to  stick  or 
cohere  together  so  as  not  to  be  easily  separated.  The  tenacity  of 
bodies  has  been  of  the  greatest  service  to  mankind,  and  is  exemplified 

always  find  everywhere  Ojround  us,    The  term  "toughness"  is  often 
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used  as  synonymous  with  tenacity,  but  it  more  correctly  signifies  a 
capability  of  being  bent — a  pliability — without  brittleness  or  ease  of 
breaking.  Popularly,  if  a  body  is  tenacious,  it  is  held  to  be  and  is 
described  as  being  tough — not  easily  separated  or  broken.  The  word 
"  tough  "  is  from  the  Old  English  toh,  that  which  is  flexible  and  not 
easily  broken.  The  term  "  flexible  "  is  from  our  l&tm  Jlexibilis,  and 
that  homjlectere,  to  bend,  or  Jlexum,  bent.  Another  word  sometimes 
used  as  synonymous  with  tenacity  is  viscosity,  or  that  which  is  viscous. 
This  term  has  a  curious  derivation,  coming  from  the  Latin  word 
viscidits,  and  this  from  viscum,  the  mistletoe — birdlime  being  made 
from  this,  which  is  a  sticky,  glutinous  substance,  not  easily  separated 
from  bodies  to  which  it  adheres  or  coheres. 

Phyuoal   Cbaracteristios    of  Bodies  (conti7wed),—BtreRgth  of  Materials. — 
(^nalities.  opposed  to  Certain  Straios,  Pressures,  or  Stresses. 

The  work  of  the  mechanic  is  the  machines  which  he  makes.  The 
structures  he  erects  are  dependent  for  their  existence,  so  far  as  their 
materials  are  concerned,  upon  the  judicious  use  and  adaptation  of 
the  metals  chiefly ;  and  of  these  the  three  most  important  are  iron 
in  its  two  forms  of  cast  and  wrought,  and  steel,  either  as  made  in 
what  may  be  called  the  established  or,  as  some  may  and  do  now  call 
it,  the  old-fashioned  form  of  crucible  or  cast  steel,  and  the  new  or 
mild  steels,  the  product  of  the  Bessemer  converter  or  the  Siemens 
open-hearth  systems.  To  these  may  be  added  the  metals  only  used 
in  small  bulk — brass  and  gun-metal.  The  mechanic  doubtless  employs 
other  materials,  such  as  stone,  brick,  and  wood ;  but  these  are  only 
used  in  the  erection  of  structures  occasionally  required  by  him,  and 
which  at  the  best  occupy  but  a  small  portion  of  the  design.  With 
all  these  materials,  it  is  impossible  to  conceive  of  them  without 
associating  with  them  ideas  or  notions  on  which  what  is  called  their 
strength  is  concerned.  And,  as  we  have  seen  in  a  general  way,  each 
body  has  its  own  physical  characteristics,  and  has  its  constituents 
and  the  molecular  disposition  of  these  of  such  a  peculiarity  or  pecu- 
liarities that  they  have  their  own  characteristics  which  they  share 
with  no  other  body,  while  at  the  same  time  they  possess  certain 
properties  common  to  them  all.  And  while  we  associate  with  them 
all  the  general  peculiarity  known  as  strength  —one  that  all  possess 
a  certain  amount  of,  as  none  can  be  absolutely  without  strength — 
we  at  the  same  time,  seeing  the  difference  in  their  constituents,  and 
that  between  them  each  in  regard  to  what  we  have  described  as 
properties,  conclude  almost  intuitively  that  some  will  be  strong  and 
others,  to  use  the  opposite  and  comparative  term,  weak.  And  when 
we  come  to  think  of  all  the  materials  used  by  the  mechanic  as  being 
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made  into  various  forms,  of  different  dimensions,  and  as  placed  in 
different  positions,  some  parts  stable  or  statical,  bearing  greater 
weights  than  others,  some  dynamical  or  in  motion  doing  much,  some 
doing  little  work,  we  in  turn  naturally  conclude  that  all  will  not 
have  the  same  weights  or  pressures  to  bear,  the  same  strains  to  resist 
or  to  overcome.  And  further,  as  each  part  has  thus  different  work 
to  do,  each  must  have  its  own  peculiar  strength  or  capability  so  to 
do  it ;  and  that  will  depend  not  merely  upon  the  size  or  dimensions 
of  the  part,  but  upon  the  question  whether  that  strength  is  aided 
by  the  physical  characteristics  of  the  material  of  which  it  is  made. 
For  as  we  know  that  these  physical  characteristics  of  bodies  vary 
very  much  in  different  bodies,  it  is  almost  certain  that  these  will 
exercise  an  influence  upon  the  strength  of  the  bodies ;  And  further, 
as  we  know  from  common  experience,  that  while  we  can  crush  one 
body  or  substance  with  comparative  ease,  we  have  a  great  diflSculty 
to  crush  another  body;  that  some  we  have  a  difficulty  to  tear  or 
pull,  while  others  can  be  as  easily  pulled  asunder  or  separated ;  that 
with  a  third  bending  is  easy,  with  another  it  is  difficult,  and  so  on. 
The  conclusion  arrived  at,  then,  with  a  thinking  mind  seems  inevit- 
able: that  dependent  upon  the  physical  constituents  of  bodies  are 
their  capabilities  to  resist  or  yield  to  certain  actions  or  what  are 
called  forces.  Thus,  bodies  may  be  classed  as  those  which  can  be 
easily  crushed  or  crumbled,  those  which  can  be  easily  bent  out  of 
the  straight  line,  and  those  which  can  be  easily  pulled  separate  or 
torn  asunder  in  the  direction  of  their  length ;  while  there  are  others 
which  can  be  easily  broken  across,  and  yet  others  which  can  be  easily 
pierced  or  penetrated ;  and  finally,  there  are  those  bodies  which  can 
be  easily  twisted  or  twined  or  turned  round  on  their  axis  as  a  centre. 
We  have  thus  arrived  at  a  conclusion  which  the  practical  facts  of 
everyday  experience  corroborate  and  confirm.  But  if  those  facts  of 
ordinary  daily  work  were  carefully  observed  by  the  young  reader, 
he  might  notice,  for  example,  the  following.  That,  in  the  case  of 
a  body  which  he  would  class  amongst  the  bodies  not  easily  bent  out 
of  their  natural  direction,  or  what  would  be  called  the  line  of  their 
fibres,  this  capability  to  resist  any  bending  influence  or  force  would 
depend  upon  the  position  of  the  body.  Thus,  if  it  were  placed  so  as 
to  lie  flat  between  two  supports,  the  centre  part  could  be  easily  bent 
downwards  into  the  vacant  space  between  the  solid  parts  on  which 
its  ends  rested ;  but  if  the  same  piece  were  changed  in  position  so 
that  it  rested  on  the  supports  upon  its  edge  or  thin  side,  it  would 
be  found  that  a  much  greater  force  would  be  required;  indeed,  it 
might  be  found  that  it  was  impossible  to  bend  it  downwards  in  the 
centre.     By  close  observation  the  young  reader  would  collect  other 
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facts  of  this  kind,  which,  taken  into  consideration  in  connection  with 
what  we  have  already  stated  under  the  various  paragraphs  relating 
to  properties  of  bodies,  would  enable  him  to  decide  that  the  points 
connected  with  the  disposition  and  treatment  of  bodies  used  in  the 
erection  of  structures  and  the  construction  of  machines  must  be  of 
the  greatest  practical  utility.  If  we  take  a  body,  as  a  block  or  pillar 
of  cast  iron  or  of  stone,  and  place  upon  it  a  heavy  weight,  we  know 
that,  if  only  the  weight  be  great  enough,  the  effect  will  be  to  crush 
up  or  crumble  down  the  constituent  molecules  and  particles;  and 
that,  if  the  weight  be  less  than  is  required  to  do  this  work  of 
destruction  of  the  original  integrity  of  the  block,  it  will  nevertheless 
be  always  exercising  a  destructive  tendency,  and  thus  be  a  weakening 
influence,  and  therefore  one  injurious  to  what  is  called  the  construc- 
tive strength  of  the  body.  The  weight  thus  acting  upon  the  body 
as  it  rests  presses  upon  the  surface,  and  though  the  particles  in  this 
throughout  are  those  of  the  whole  body,  the  weight  has,  through  the 
influence  of  what  we  have  seen  called  the  attraction  of  gravitation, 
a  continuous  tendency  to  sink  down  to  the  ground,  and  would  do 
were  it  not  for  the  intervening  molecules  of  the  body.  These 
molecules  are  obviously  therefore  engaged,  so  to  say,  continuously  in 
opposing  this  tendency  of  the  weight  through  its  gravity  to  reach 
the  ground,  which  can  only  be  reached  by  its  crushing  down  or 
crumbling  up  its  molecules,  destroying  the  integrity  of  the  body ;  in 
common  language  its  molecules  are  bearing  up  against  the  destructive 
tendency  of  the  weight,  and  in  thus  bearing  up,  in  common  language 
also  may  be  said  to  be  straining  against  it.  In  technical  language, 
the  weight  as  it  presses  downwards  through  gravity  upon  the  body 
is  called  a  "  pressure,"  from  the  Latin  verb  pressio,  1  bear  upon  or 
press  down.  The  terms  "  weight "  and  "  force  "  are  frequently  used, 
more  especially  the  first,  as  synonymous  with  pressure.  The  resist- 
ance to  the  destroying  or  weakening  influence  upon  the  body  is 
technically  also  called  the  "resistance  to  strains,"  or,  as  the  other 
term  used  has  it,  "  resistance  to  pressures."  The  word  "  stress "  is 
often  used  as  being  synon3rmous  with  strain,  the  three  words  strain, 
stress,  and  pressure  having  all  the  same  meaning,  and  being  indiffer- 
ently used  in  relation  to  the  destroying  or  weakening  influence  upon 
the  molecules  of  a  body  subjected  to  a  force  or  forces.  The  term 
strain  is  derived  from  the  French  verb  elreindre,  to  stretch,  or  from 
the  Latin  stringere,  having  the  same  meaning. 

Btrengtli  of  Materials.— Qualities  opposed  to  Certain  Strains,  Pressures,  or 

Stresses  (eontinned). 

As  we  have  seen  that  all  bodies  have  each  their  own  characteristics 
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of  being  more  or  less  easily  crushed  or  bent  or  broken  or  pulled 
asunder,  or  being  twisted  or  penetrated,  each  body  will,  according  to 
the  nature  and  the  soundness  or  goodness  of  its  constituents,  have 
a  higher  or  lower  capability  to  resist  pressures  or  strains,  have  its 
own  peculiar  value  as  a  constructive  material,  its  own  strength  (this 
word  is  derived  from  the  Old  English  stringo,  streng  or  Strang,  some- 
thing the  opposite  of  weak),  so  that  the  subject  generally  is  often 
entitled  the  strength  of  materials.  In  knowing  or  ascertaining  what 
this  is  in  the  case  of  the  various  materials  used  in  construction,  there 
are  many  points  brought  up  of  great  interest  to  the  mechanic ;  and 
to  the  most  important  of  these  we  now  direct  the  attention  of  the 
youthful  reader. 

Let  us  take  a  block  of  a  square  or  circular  section  which  is  capable 
of  standing  firmly  on  its  base,  so  that  it  is  what  is  called  stable  (this 
word  being  derived  from  the  Latin  stabilis,  firm,  secure,  sure).  From 
this  comes  with  but  little  change  our  word  stability,  denoting  firmness 
or  security  from  the  influence  of  any  force  tending  to  change  the 
conditions  of  a  body  or  structure.  If  on  the  upper  part  of  the  block 
we  place  a  heavy  weight,  the  tendency  of  that,  through  its  gravity 
— as  in  seeking  to  find  its  lowest  point  of  descent,  supposing  it  to 
be  free  to  fall — is  to  crush  or  squeeze  together  the  molecules  of  the 
block,  to  compress  the  body  into  a  smaller,  that  is  in  the  present 
case  a  shorter  bulk.  The  word  compress  is  derived  from  the  Latin 
pressio,  I  bear  upon  or  press  down,  and  coriy  with  or  together. 
Hence  the  body  in  our  supposed  case  is  said  to  be  subjected  to  a 
force  or  pressure  of  compression,  and  the  effort — so  to  express  it — 
made  by  the  molecules  of  the  body  to  resist  the  effects  of  this 
pressure  is  called  its  capability  or  power  to  resist  the  "strain  (or 
force)  of  compression  " — or,  as  it  is  often  put,  compressile  (force  or) 
strain.  The  word  crush  is  also  often  used  in  place  of  compress,  this 
being  derived  from  the  Latin  verb  crticix),  I  torture ;  or  the  Italian 
crusdoy  I  squeeze  together  or  crush.  Hence  the  terms  "crushing 
force  or  strain,"  "crushing  pressure,"  or  "crushing  weight,"  to  which 
bodies  are  subjected,  and,  conversely,  the  power  to  resist  a  "  crush- 
ing "  force  or  strain,  weight  or  pressure.  If  a  compressive  or  crush- 
ing force  or  pressure  be  put  upon  a  block  it  will  tend  to  weaken  or 
destroy  its  original  integrity  or  strength  in  more  than  one  way,  and 
this  dependent  upon  the  physical  constitution  of  the  body.  It  may 
compress  or  squeeze  the  particles  of  the  body  together,  so  that  it  will 
assume  a  bulged-out  form  like  a  swelling  or  ring  all  round ;  or  this 
may  be  more  pronounced  at  one  point  than  at  another;  or  the 
pressure  may  be  such  that  fissures  or  cracks  will  appear  at  one  part 
or  another.    These  may  exteud  from  the  centre,  or  near  it,  to  the 
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circumference— widening,  as  they  approach  this,  until  the  atoms, 
losing  their  cohesive  force,  or  more  correctly  this  being  overcome  by  . 
the  greater  force  of  the  compressive  pressure  or  straining  force, 
crumble  away,  so  to  say ;  the  block  collapsing,  or  being  broken  up, 
to  use  the  common  phrase.  The  point  at  which  the  cohesive  force 
of  the  particles  gives  way  may  be  high  up  the  block,  so  that  the 
chief  part  of  the  block  will  be  left  unchanged  in  form,  or  the 
compressive  force  may  be  so  great,  and  so  suddenly  applied,  that 
the  whole  block  from  top  surface  to  base  may  be  so  shattered  that 
it  will  collapse  into  a  mass  of  particles  or  granules  greater  or  less  in 
size  as  the  cohesive  force  is  greater  or  less  which  binds  and  keeps 
them  together.  Or  the  compressive  force  may  be  so  small  that  the 
bulging  out  of  any  part  of  the  block  may  be  very  slight,  or  the 
cracks  or  fissures,  if  the  pressure  is  indicated  in  this  way,  may  be 
small  in  extent ;  or  the  compressive  force  may  be  so  we^  that  no 
change  of  form,  no  crack  or  fissure,  would  show,  or  any  external 
sign  be  given  that  a  disturbing  force  was  being  exerted  on  the 
internal  molecules.  Yet  the  young  reader  must  not  conclude  that 
no  disturbance  was  being  created :  although  not  sufficient  to  disturb 
to  absolute  destruction  of  the  cohesion  of  the  molecules,  it  may  be 
sufficient  so  to  disturb  their  relative  position  that  it  may  be  weak- 
ened just  up  to  the  point  of  actual  derangement,  and  yet  this  may 
not  take  place,  a  slight  addition  to  the  compressive  force  being  all 
that  is  required  to  complete  the  derangement  necessary  to  produce 
movement  in  the  particles.  Hence,  all  pressures  or  strains  thrown 
upon  bodies,  however  slight,  have  a  tendency  to  weaken  them,  and 
do  actually  weaken  them ;  so  that  in  calculating  dimensions  of  parts 
designed  to  resist  a  compressive  force  or  a  compressile  pressure  or 
strain,  allowance  must  be  made  for  this  weakening  tendency,  and 
the  part  possess  the  full  strength  required  as  if  that  weakening 
tendency  did  exist.  The  piece  of  material  or  part  of  a  structure  or 
a  machine  designed  to  resist  a  compressive  force  or  stress  being  well 
proportioned,  so  that  it  can  support  the  weight  put  or  pressure 
exerted  upon  it  with  a  wide  margin  of  safety— that  is,  \nth  a  strength 
calculated  to  resist  a  compressive  force  at  least  three  times  that 
actually  put  upon  it — the  mere  element  of  time  need  not  be  taken 
into  account.  For  the  length  of  time  during  which  the  pressure 
exists  does  not  increase  the  disturbing  influence  on  the  strength  of 
the  part  to  resist  the  compressile  strain.  The  young  reader  might 
be  inclined  to  conclude  that  time  would  be  an  element  in  the  calcu- 
lation, and  that,  although  at  the  first  putting  on  of  the  compressile 
strain  the  part  subjected  to  it  was  strong  enough  to  resist  it,  it 
would  only  require   that  the   pressure   or  weight  should   be  long 
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enough  applied  to  the  part  in  order  to  disturb  the  cohesion  of  its 
molecules  and  bring  about  its  destruction.  It  would  be  unfortunate 
for  man  and  the  stability  and  permanence  of  his  works  if  this  were 
so,  and  if  all  that  was  required  to  destroy  material  were  time — ^give 
enough  of  this,  and  at  last  the  compressile  force  would  dominate, 
and  under  its  domination  the  part  would  collapse,  break  up,  or  give 
way.  It  is  right,  however,  to  state  that  the  young  reader  may  come 
across  the  opinions  of  a  few  who  maintain  that  time  has  an  influence 
in  the  direction  we  have  named,  and  that  in  process  of  time  our 
structures,  such  as  our  iron  bridges  and  the  like,  of  which  we  are 
so  proud,  and  to  which  we  point  with  so  much  satisfaction  as  evi- 
dences of  our  designing  ability  and  our  constructive  skill,  if  they 
do  not  dissolve  and  melt  away,  and  "like  the  baseless  fabric  of  a 
vision  leave  not  a  wreck  behind,"  will  at  least  give  way,  and  col- 
lapsing or  breaking  up,  be  nothing  but  a  wreck  or  masses  of  wrecks. 
As  the  materials  themselves  have  as  yet,  in  the  experience  of  men, 
given  no  evidence  of  their  liability  to  lose  their  viscosity  or  cohesive 
strength  under  the  influence  of  time  merely  exerted,  through  periods 
longer  or  shorter  as  the  case  may  be,  we  presume  that  those  who 
hold  such  views  as  to  what  the  element  of  time  can  do  must  assume 
that  the  constructive  materials  so  aflfected  must  be  under  the  influ- 
ence of  pressures  or  of  strains  calculated  to  weaken  them.  In  view 
of  pressures  so  suddenly  applied  that  the  phenomena  connected  with 
what  are  called  "  impacts "  or  blows  come  into  play,  it  may  be  that 
in  process  of  time  the  viscosity  of  materials,  or  the  cohesive  force 
which  keeps  their  molecules  together,  may  be  overcome,  and  the 
parts  of  our  structures,  markedly  those  of  iron  and  steel,  may  give 
way.  But,  so  far  as  experience  goes,  the  element  of  time  during 
which  the  compressile  strain  on  a  body  is  not — need  not  be — taken 
into  account  (for  a  part  being  at  the  first  of  ample  strength  to  resist 
a  given  weight,  it  matters  not  how  long  that  weight  continues  to 
press  upon  the  body — a  truth  we  see  exemplified  everywhere  and 
always  around  us  in  structures  which  have  stood  for  years  and  will 
continue  to  stand  for  many  more,  unless  other  and  highly  disturbing 
influences  not  provided  against,  because  not  known  or  contemplated, 
come  into  play).  Notwithstanding  this  is  so,  it  is  necessary  that 
the  young  reader  should  take  note  that  the  way  in  which  the  pressure 
of  a  compressile  force  or  strain — and  it  applies  to  tensile  strains, 
presently  to  be  noticed,  as  w:ell — ^is  put  upon  a  part  exercises  a  very 
decided  influence  on  its  strength  or  capability  to  resist  that  strain. 
If  the  part  be  strong  enough  to  resist  a  given  weight  or  pressure  or 
comprftssile  strain  when  this  is  gradually  or  gently  brought  to  bear 
upon  it,  the  part  will  remain  intact  and  show  no  signs  of  yielding. 
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But  the  case  is  different  should  the  weight  be  suddenly  brought  to 
bear  upon  the  part,  as  by  dropping  it  from  a  height  and  allowing 
it  to  reach  the  body  with  what  is  called  popularly  a  blow,  or,  as 
technically  termed,  the  force  of  impact.     This  word  is  derived  from 
the  Latin  impingo,  I  drive,  bear  upon,  or  beat  together ;  impactum, 
driven  upon,  beaten  together.     In  an  earlier  paragraph  in  this  series 
we  have  alluded  to  the  greater  resistance  to  breaking  forces  which 
glass,  for  example,  will  display  if  the  force  or  blow  be  given  slowly, 
compared  to  that  in  which  the  blow  is  sudden,  as  the  bullet  fired 
at  a  pane  of  glass  from  a  pistol — it  having  been  jocularly  remarked 
that  the  particles  in  the  case  of  the  force  of  the  bullet  quickly  or 
suddenly  applied  have  not  time  to  warn  their  neighbours  to  come 
up  and  give  them  their  assistance,  which  they  can  do  if  the  force 
is  less  suddenly  applied.     The  effect  of  a  suddenly  applied  blow  to 
a  body  capable  of  resisting  a  compressile  strain  seems  to  act  precisely 
in  the  same  way,  the  molecules  not  having  time  to  arrange  them- 
selves in  the  best  way  to  resist  the  strain  put  upon  the  body,  which 
they  apparently  can  do  when  the  pressure  is  put  on  slowly  and 
steadily,  and,  as  in  the  case  of  building,  gradually  brought  on  it  as 
the  body  (a  pillar,  for  example)  is  slowly  increased  in  height.     The 
effect  of  impact  is  such  that  a  weight  very  much  less  than  is  required 
to  cause  the  body  to  give  way  when  it  is  steadily  and  slowly  applied 
will,  if  allowed  to  fall  suddenly  and  drop  upon  the  body,  have  a 
greater  effect  in  disturbing  the  molecules  than  the  heavier  body,  and 
a  very  small  weight  di'opped  quickly  and  continuously  will  very 
rapidly  so  disturb  the  molecules  that  the  body  will  break  up.     This 
peculiar  action  must  be  in  all  cases  provided  for  if  it  exists  or  is 
likely  to  come  into  operation.     How  it  does  so  in  the  case  of  bodies 
subjected  to  tensile  strains  we  shall  see  presently.     We  have  said 
that  a  compressile  strain  may  act  on  a  body  in  more  ways  than  one. 
We  have  shown  how  it  acts  in  the  case  of  a  body  which  is  granular 
in  physical  constitution — in  bulging  out,  in  cracking,  and  in  crushing 
or  crumbling.    This  is  the  character  of  the  effects  produced  on  bodies 
such  as  blocks  or  pillars  or  columns  made  of  cast  iron,  the  molecules 
of  which  are  globular  or  granular,  and  which  are  connected  or  cohere 
together  with  comparative  looseness — are  easily  moved  or  separated. 
But  when  the  molecules  or  particles  are  in  the  condition  known  as 
fibrous,  then  they  have  such  a  hold  of  each  other,  the  viscosity  of 
the  mass  is,  so  to  say,  so  great  that,  acted  upon  by  compressile 
strains,  their  behaviour  is  altogether  different.     Then,  in  place  of 
being  crushed  together,  so  that  they  crack  or  crumble,  they,  having 
such  cohesive  force,  are  bent  aside ;  the  bend  may  be  in  the  direction 
of  the  arrow  a,  fig,  59,  or  it  may  be  in  that  of  the  arrow  6,  or  it  may 
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take  bends  or  curves  of  contrary  flexure,  as  at  arrows  c  and  d,  the 
direction  being  dictated  by  the  condition  in  which  the  fibrous  mole- 
cules are  at  the  time  in  relation  to  the  pressure,  causing  a  greater 
readiness  to  "  flow  "  in  one  direction  than  in  another.  Generally  the 
way  in  which  a  metal  body  flbrous  in  molecular  constitution  is  bent 
is  as  at  a  or  6.  In  fig.  60  the  diagrams  e  and  /  give  graphic  views 
of  how  blocks  of  a  granular  body,  as  stone  or  cast  iron,  are  influenced 


Fig.  59. 

by  pressures  acting  upon  them  in  the  direction  of  arrows  g  and  h. 
In  calculating  the  effects  on  blocks  or  pieces  of  material  placed  under 
compressive  strain  or  pressure  it  is  necessary  to  take  the  length  or 
height  of  the  piece  as  an  important  factor.  We  shall  see  presently 
that  in  the  case  of  bodies,  such  as  wrought  iron  or  steel,  placed 
under  a  tensile  strain,  the  result  of  all  calculations  in  regard  to  their 


Fig.  60. 

strength  is  made  quite  independently  of  their  length:  this  is  no 
factor  in  the  calculation.  In  the  case  of  bodies,  as  e  and/,  flg.  60, 
subjected  to  compressile  pressings,  the  conditions  are  different ;  the 
body  is  in  what  is  called  an  unstable  condition.  All  additions  to  it 
are  in  the  direction  of  its  length  or  height ;  and  this  latter  is  the 
more  correct  term  of  the  two,  inasmuch  as  bodies  under  compression 


318  THE  TECHNICAL   aTUDENT's   INTRODDOTION  TO  MECHANICS. 

are,  as  a  rule  having  few  exceptions,  subjected  to  compressioa  when 
placed  vertically,  taking  the  form  of  pillars,  columns  or  standards. 

If,  therefore,  a  column  is  made  higher,  the  higher  it  is  the  greater 
ia  the  pressure  on  the  base,  as  each  succeesi?d  addition  to  the  height 
represented  by  the  parts  ij,  k  I,  fig,  61,  ia  just  so  much  added  to  the 
weight  pressing  upon  the  base ;  the  block  i  obviously  having  a  greater 
pressure  upon  it  than  the  block  j,  and  j  greater  tiian  k,  or  k  than 


Fig   61. 

I — at  which  height  pressure  ceases.  This  peculiarity  in  bodies  acting 
as  columns,  pillars,  stanchions  or  standards,  the  mere  height  of  which 
conatitutoB  a  pressure,  independently  altogether  of  such  pressures  as 
may  be  put  upon  them  by  weights  or  bodies  placed  upon  their  upper 
surfaces,  as  the  entablature  of  a  steam  engine  carried  by  columns, 
makes  it  necessacy  for  the  length  or  rather  the  height  of  the  body. 


as  a  timber  post  or  stone  column  or  an  iron  stanchion,  to  be  taken 
into  the  calculation  as  a  most  important  factor.  Hence  the  factor  in 
the  rule  to  find  the  bearing  strength  of  a  long  or  a  high  pillar, 
stanchion  or  post,  is  difierent  from  the  rule  used  to  find  the  strength 
of  a  short  or  a  low  one.  The  higher  the  body  the  greater  ia  its 
tendency  to  be  crushed  or  made  to  collapse  through  the  greater  pres- 
sure to  which  it  is  subjected,  if  the  phyawal  character  of  its  molecules 
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be  granular,  as  in  stone  or  cast  iron.  If  the  molecular  arrangement 
be  fibrous  and  the  pressure  bends  the  body,  the  greater  the  height 
or  length  the  greater  will  be  its  tendency  to  bend,  and  this  through 
the  increased  leverage  or  extent  of  motion  through  which  the  part 
goes.  This  may  be  represented  graphically  in  fig.  61,  in  which  the 
short  piece  m  has  its  tendency  to  bend  represented  by  the  distance 
0  p,  the  vertical  line  n  o  cutting  the  base  line  in  o.  The  greater 
tendency  to  bend  of  the  longer  or  higher  piece  q  is  represented  by 
the  distance  rs,  the  line  tr  being  vertical  from  the  top,  t,  of  body. 
In  the  case  of  a  granularly  constituted  body,  as  -a  pillar  as  a  in 
fig.  62,  subjected  to  a  compressive  pressure  represented  by  the  weight 
b,  the  pressure  aqjbs  in  the  direction  of  the  central  vertical  line  h  c, 
simply  tending  to  weaken  or  destroy  the  pillar  by  so  crushing  or 
squeezing  its  molecules  that  they  bulge  out  or  crack  or  are  crushed 
up,  as  in  fig.  60  (p.  317).  A  pillar  placed  vertically  is  thus  placed 
in  its  strongest  position — much  stronger  than  when  the  pillar  is 
canted  or  placed  oblique  to  its  base,  as  at  c? :  in  this  the  weight  6, 
tending  to  fall  or  drop  in  the  vertical  line  of  gravitation  e/,  acts  so 
that  it  carries  the  line  of  pressure  outside  of  the  base  of  pillar  (see 
paragraphs  on  the  "centre  of  gravity");  and  if  the  body  were  fibrous 
in  molecular  constitution  would  tend  to  topple  or  cant  over  so  that 
it  would  fall.  But  in  our  supposed  case  the  molecular  disposition  is 
granular,  hence  the  tendency  of  the  weight  e  is  to  break  off  the  upper 
part,  as  at  ^ ;  and  the  greater  the  cant  or  degree  of  obliquity  of  the 
pillar  the  greater  the  tendency  of  the  weight,  as  k,  to  turn  over  in 
direction  of  arrow  the  part  ruptured  as  shown.  The  young  reader 
will  now  see  the  importance  of  taking  the  length  or  height  of  a 
body,  as  a  wooden  post  or  stone  column,  an  iron  pillar,  stanchion  or 
standard,  into  account  in  all  calculations  respecting  its  strength  or 
capability  to  resist  compressile  forces  or  pressures  or  strains. 

Tensile  Force,  Strain,  or  Pressure. 
We  now  come  to  consider  another  strain  or  pressure  or  force 
tending  to  weaken  or  destroy  bodies  placed  under  its  influence.  This 
is  known  by  the  name  "tensile"  force,  strain,  or  pressure,  and  a 
body  subjected  to  it  is  said  to  have  its  molecules  in  a  state  of  "tension." 
The  effect  of  tension  is  to  pull  the  molecules  apart,  the  word  being 
derived  from  the  Latin  verb  tenderer  to  stretch  :  tensum,  tensilw.  If 
the  molecules  are  arranged  in  the  way  we  term  fibrous,  so  as  to  make 
up  what  are  longish  filaments  united  together,  the  young  reader  will 
at  once  perceive  that  the  body  is  better  calculated  to  resist  pulling 
asunder — tensile  force  or  strain — ^than  a  body  with  its  molecules  in 
granular  disposition^  amongst  which  there  is  comparatively  little 
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viscosity  or  cohesion.  In  the  process  of  wire  drawing,  which  we 
have  already  described,  the  force  or  strain  is  entirely  "  tensile,"  as  in 
direction  of  the  arrow  a,  fig.  63,  the  holding-on  force  representing 
the  hold  or  grip  by  which  the  wire  is  kept  fast  while  being  drawn 
out.  The  difference  in  tensile  strength  or  the  capability  to  resist 
tension  between  a  body  granular  in  molecular  disposition,  as  at  c  e, 
subjected  to  a  puUing-asunder  or  tensile  force,  as  at  arrow  d,  is 
graphically  contrasted  with  a  fibrous  body,  as  at  ee,  the  molecules 
of  which  being  as  it  were  elongated  and  placed  closely  together,  so 


Fig.  63. 

that  the  cohesive  force  is  exerted  over  a  large  surface,  as  at/,  resist 
a  force  tending  to  separate  them  by  pulling  them  in  the  direction 
of  their  length  much  better  than  a  body,  as  at  cc,  in  which  the 
molecules  are  disposed  granularly,  and  can  only  touch,  as  circular 
bodies  can  only  touch,  at  small  parts  of  their  surfaces,  as  at  ^ ;  so 
that,  however  great  the  force  of  attraction  of  cohesion  or  the  viscosity 
of  the  molecules  only — and  per  se  it  may  be  so — it  cannot  make  the 
body  strong,  for  the  simple  reason  that  there  is  not  surface  enough 
for  it  to  act  upon.     We  say  the  cohesive  force  or  viscosity  may  bo 
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per  86 — for  we  know  too  little  of  what  this  force  is,  and  how  it  is 
exerted,  to  say  positively  much  about  it — equal  in  both  granular  and 
fibrous  bodies.  We  may  have  a  glue  of  a  certain  strength,  with 
which  we  glue  together  the  flat  long  pieces,  as  at /in  ^g,  63,  and 
which  we  also  apply  to  the  circular  bodies,  as  at  ^ ;  but  the  youthful 
reader  will  have  no  difficulty  in  perceiving  that  the  joints,  so  to  call 
them,  cannot  be  equally  strong,  although  the  cementing  substance 
holding  them  together  is  the  same  in  both  cases,  and  for  the  simple 
reason  that  there  is  a  large  surface,  on  which  the  cementing  material 
'  is  much  greater,  so  that  it  can  take  a  much  better  grip  in  the  case 
of  the  fibres  represented  by/ than  in  the  case  of  the  granular  parts 
represented  by  g,  presenting  as  they  do  points  only,  or  veiy  small 
surfaces,  to  the  cementing  material.  The  young  reader  will  easily 
see  that  it  will  be  a  task  of  much  greater  difficulty  to  separate  or 
pull  asunder  a  body  glued  together  as  aty  than  as  at  ^ :  the  one  {g) 
will  be  separated  by  a  slight  effi)rt ;  the  other  (/)  may  take  a  long 
and  a  strong  pull  to  separate  them.  Such  graphic  methods  of  illus- 
trating the  difference  between  bodies  subjected  to  strains  or  pressures 
may  be  of  service  to  our  young  readers  in  inducing  them  to  think 
out  points  which  are  of  the  greatest  importance  to  be  known  and 
understood,  but  which,  when  looked  at  from  a  too  exclusively  theo- 
retical or  scientific  point  of  view,  are  apt  to  appear  obscure,  and  to 
be  thus  set  aside  and  understood  in  a  half  sort  of  way.  If  an  iron 
rod  or  wire.  A,  fig.  63,  be  secured  at  its  upper  end  to  a  beam  i,  as 
shown,  and  loaded  at  the  lower  extremity  by  a  weight  y,  the  rod  h 
is  subjected  to  a  purely  tensile  strain  or  force,  acting  in  the  direction 
of  the  arrow  as  shown  near  h.  The  capability  of  the  rod  or  wire  h 
to  resist  the  puUing-asunder  force  exerted  by  the  weight  ^  is  called 
its  "tensile  strength,"  or  its  power  of  resistance  to  tension,  pre- 
venting the  rupture  or  breakage  of  the  wire  and  the  weight  from 
dropping  or  falling  to  the  ground  by  gravitation,  it  being  the  force 
of  gravitation  which  puts  the  strain  on  the  rod  h,  A  rope,  as  k, 
fig.  63,  stretched  between  and  passing  over  two  pulleys,  I  and  m,  and 
the  ends  weighted  at  extremities  by  the  weights  n  and  o,  is  placed 
under  a  tensile  strain  between  the  points  I  and  m,  as  at  Aj,  the  weight, 
as  n,  pulling  the  rope  in  the  direction  of  arrow  p,  the  other  weight, 
o,  pulling  it  in  direction  of  arrow  q-,  the  strength  of  the  rope  to 
resist  this  tensile  strain,  tending  to  break  it  at  or  near  the  point 
h — if  that  be  the  weakest  part — i^  called  its  resistance  to  tension, 
or  its  tensile  strength.  In  fig.  64  we  give  the  diagram  of  a  roof 
truss  of  the  simplest  character,  showing  the  parts  which,  placed 
under  a  compressile  strain  or  force,  are  under  compression,  and  those 
subjected  to  a  tensile  strain  or  under  tension.    The  rafters  a,  h^ 

21 
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bearing  the  weight  of  the  roof  covering,  as  slates  or  tiles,  are  pressed 
by  the  weight  of  these,  represented  by  c,  and  subjected  to  compression. 
This  is  communicated  to  the  walls  c?,  e,  and  has  a  tendency  to  push 
them  outwards  in  the  direction  of  the  arrows  /  and  g.  This  is 
prevented  by  employing  the  tie  rod  hi,  which  is  under  a  tensile 
strain,  tending  to  pull  it  asunder,  through  the  tendency  of  the  walls 
d  and  e  to  bulge  outwards  in  direction  of  aiTows  e  andy*;  but  the 
tie  rod  is  supported  by  the  king  bolt  k,  which  is  also  under  a  tensile 
btrain  acting  in  the  direction  of  the  arrow  as  shown. 

Fig.  64  illustrates  the  strains  or  pressures  thi-own  upon  the  several 
parts  of  a  roof,  generally  known  as  a  truss.  The  whole  design  of 
the  roof  truss  is  to  direct  the  strain  or  pressures  of  the  roof  cover- 
ing, which  includes  the  weight  of  the  roof  materials,  into  a  vertical 


y 


Fig.  64. 

direction,  pressing  upon  the  walls  d  and  e  in  the  direction  of  the 
arrows  I  and  m,  which  gives  a  pressure  on  the  waUs  which,  being 
that  of  compression,  is  that  which  they  are  best  calculated  to  resist. 
In  some  cases  this,  the  simplest  form  of  iron  roof  truss,  is  strength- 
ened by  having  the  rafters,  as  a  and  h,  supported  at  points  about 
the  middle  of  their  length  by  what  are  called  struts  or  braces,  repre- 
sented at  w,  the  pressui-e  of  the  rafter  o,  with  its  heavy  roof  materials, 
acting  in  the  direction  of  arrow  jt?,  upon  the  strut  or  brace  n  as  a 
compressile  force,  putting  that  member  under  compression.  The  two 
struts — one  on  each  side — thus  take  the  pressure  on  to  the  point  at 
which  the  tie  rod  q  joins  the  king  bolt  r  at  point  q.  This  pressure 
at  this  point  tends  to  pull  the  king  bolt  r  downwards,  putting  on  it 
a  tensile  strain,  and  acting  also  on  the  tie  rod  q,  tending  by  another 


THE  TECHNICAL  STUDENT'S  INTRODUCTION  TO  MECHANICS.    323 

or  tensile  strain  to  pall  the  ends  of  the  rods  inwards  and  thus 
counteract  the  tendency  of  the  weight  of  the  whole  of  the  roof  to 
press  the  walls  d  and  e  outwards,  as  at  /  and  g.  In  the  volume 
entitled  "  The  Carpenter  ^  the  reader  will  find  illustrations  in  which 
timber  is  combined  with  iron,  in  which  cases  the  rafters,  as  a  and 
h,  fig.  64,  are  of  timber,  as  well  as  the  struts  and  braces,  as  at  ti; 
the  tie  rod,  as  h  i,  and  the  king  bolt  k  being  of  wrought  iron.  In 
other  illustrations  in  that  volume  the  reader  will  see  roof  trusses  in 
which  the  whole  members  are  of  timber,  some  taking  up  and  resisting 
compressile,  others  tensile  strains,  although  it  is  best  adapted  for 
compressile  strains — ^as  in  posts  or  columns,  struts  or  braces  and 
rafters.  When  used  as  a  tie  beam,  h  ^,  fig.  64,  in  resistance  to  the 
next  strain  (which  in  the  paragraph  following  this  we  shall  consider) 
to  which  it  is  subjected,  we  trust  to  its  transverse  strength  or  to  its 
capability  to  resist  what  are  called  '^  cross  or  transverse  strains.*' 
We  have  thus  the  two  materials  with  which  to  construct  our  roofs 
and  bridges  and  cognate  structures,  in  all  of  which  the  principle  of 
the  'Hruss,'*  the  base  of  all  true  or  sound  framing,  is  employed,  and 
this  in  a  wide  variety  of  ways,  in  which  the  various  strains  or  stresses 
are  met  and  resisted  by  those  materials  used  in  different  forms  or 
sections.  These  sections  vary  according  to  the  pecuUar  character  of 
the  pressure  or  strain  to  which  each  part  is  subjected,  certain  sections 
giving  greater  capability  to  resist  certain  strains  than  others.  It  is 
the  facility  with  which  iron^  as  cast  iron,  can  be  moulded  or  cast ; 
wrought  iron — and  in  this  category  we  may  class  the  Bessemer  and 
the  Siemens  mild  steels— can  be  rolled,  that  has  given  such  an 
impetus  to  the  construction  of  framed  work  in  iron,  especially  in  the 
construction  of  railway  works,  as  by  its  employment  roofs  of  greater 
span,  bridges  of  greater  length,  can  be  constructed  with  comparative 
ease,  and  giving  structures  which  in  their  lightness  contrast  favour- 
ably with  the  appearance  they  would  present  if  constructed  of  timber. 
Timber,  immensely  valuable  to  man  in  his  various  works  of  construc- 
tion, is  neverthelesrj  greatly  restricted  in  its  use  by  the  fact  that  its 
cross-sections  or  forms  are  confined  to  the  three — namely,  the  round, 
as  in  a  (fig.  65),  as  in  the  trunks  and  the  branches  of  trees,  the 
square,  h,  and  the  rectangular,  c,  the  only  other  mode  of  section 
being  a  modification  of  the  square,  or  this  with  the  comers  taken 
off,  as  at  d.  The  facility  with  which  iron  can  be  moulded  and  rolled 
in  its  two  forms  of  cast  iron  and  wrought  iron  (and  steel)  places  at 
the  command  of  the  mechanic  a  wide  range  of  sections,  each  adapted 
to  its  own  particular  class  of  work,  each  best  calculated  to  resist 
certain  strains.  In  ^g.  65  we  find  diagrams  of  most  of  the  sections 
employed  in  roof  construction  and  bridge  building.     In  a  we  give 
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the  "round"  or  circular  section;  in  e  the  "flat  bar"  section;  in  / 
the  section  known  as  "  angle  iron,"  which  is  a  combination  of  two 
flat  bars  (e)  at  right  angles ;  in  g  the  "  T  iron,"  which  is  also  a 
combination  of  the  flat  bar  («),  one  bar  being  placed  at  right  angles 
to  and  in  the  centre  of  the  other  bar;  in  h  we  give  the  section 
known  as  the  "  channel "  or  "  H  iron."  These  forms  are  combined 
or  duplicated  where  greater  strength  is  required,  as  by  combining 
the  "  T  iron,"  as  at  i,  or  the  channel  iron  sttj.  All  those  forms  may- 
be of  wrought  iron  or  of  mild  converter  or  open -hearth  steel.  Cast 
iron  is  now  but  seldom  used  in  roof  construction ;  if  used,  it  takes 
the  form  only  of  a  strut  or  a  brace,  as  at  7i,  fig.  64^  and  the  section 


O' 


/ 


Fig.  65. 

very  frequently  given  to  it  is  at  k,  Cast  iron  is,  however,  largely 
used  for  posts  or  pillars  or  columns,  or  what  are  often  termed 
stanchions,  cast  iron  being  specially  adapted  to  resist  compressive 
strains  or  dead-weight  superincumbent  loads.  The  circular  section 
is  most  frequently  adopted ;  but  it  is  seldom  and  ought  never  to  be 
made  solid,  as  at  a,  but  hollow  as  at  I,  The  greater  strength  and 
lightness  of  the  hollow  column  circular  in  section  may  still  be  retained, 
though  its  exterior  surface  may  be  made  somewhat  ornamental  by 
fluting  it  as  at  97»;  while  the  addition  of  a  moulded  base  and  an 
ornamented  capital  will  replace  with  sesthetic  advantage  the  plain 
fillet  at  top  and  bottom  so  commonly  used,  as  at  n.     While  the 
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circular  section  is  still  retained,  the  exterior  may  also  be  made  more 
pleasing  to  the  eye  by  making  the  exterior  surface  not  only  fluted 
or  ribbed,  but  octagonal  or  hexagonal,  as  at  o.  In  all  cases  pillars 
or  columns  of  cast  iron  are,  or  should  be,  tapered  in  the  direction  of 
their  length,  the  largest  diameter  being  at  base,  where  the  greatest 
strength  is  required — as,  in  addition  to  the  normal  weight  which  the 
pillar  or  column  is  to  sustain,  it  has  also  to  bear  at  the  base  the 
weight  of  the  upper  part  of  the  pillar.  Stanchions  are  used  as 
substitutes  for  wooden  or  timber  posts  for  strong  but  rough  work : 
very  commonly  used  sections  are  shown  at  p,  q,  being  a  modification 
of  the  circular  sectional  pillar  or  column.  The  distinction,  other 
than  its  section,  between  a  cast-iron  column  and  a  stanchion  of  the 
sjime  material  is  that,  while  the  column  or  pillar  is  always  tapered 
smaller  at  top  than  at  base,  the  stanchion  is  never  or  very  rarely 
tapered,  but  always  parallel-sided. 

In  calculating  the  strength  of  parts,  as  a  rod  or  bar,  upon  which 
a  tensile  strain  or  pressure  is  put,  there  is  this  distinction  between 
the  method  adopted  to  ascertain  the  ultimate  strength  of  a  member 
of  a  framing  so  strained  or  stressed  by  a  tensile  force,  and  a  member 
used  to  resist  compression  in  a  vertical  line,  as  a  post  or  pillar :  in 
this  l^itter  member  the  element  of  length,  for  the  reasons  we  have 
stated,  must  always  be  taken  into  account;  in  parts  subjected  to 
tensile  strain  this  is  never  done.  A  rod  or  bar,  as  h  (fig.  63), 
placed  under  a  tensile  strain  or  put  in  tension  by  a  given  load  or 
weight,  as  J,  sustains  the  same  amount  of  tensile  strain  if  ten  feet 
long  as  though  it  were  five  feet,  or  indeed  of  any  length ;  it  is  the 
load  or  weighty*  which  alone  determines  and  limits  the  strain  put 
upon  the  rod  h ;  a  load  of  two  tons  gives  a  strain  of  two  tons  upon 
the  rod  equally  whether  the  rod  or  member  under  strain  is  long  or 
short.  This  consideiation  simpHfies  amazingly  all  calculations  as  to 
strength  of  parts  under  tension,  as  compared  with  those  in  regard 
to  members  of  framing  under  compression,  as  in  figs.  59,  60,  and 
61,  in  which  allowance  has  to  be  made  for  length.  In  all  calcu- 
lations as  to  the  cohesive  strength  of  material  it  is  assumed  that  all 
the  molecules,  whether  granular  or  fibrous,  are  possessed  of  the  same 
strength  to  resist  pressure  of  any  kind.  This  is  not  theoretically, 
but  it  is  practically  correct,  and  is  at  all  events  acted  upon.  Con- 
ceiving, then,  a  rod  or  bar  of  iron,  or  a  round  piece  of  timber,  to 
be  made  up  of  a  series  of  elongated  molecules  to  which  we  give  the 
name  of  fibres,  each  fibre  cohering  to  its  neighbour  or  contiguous 
fibre,  and  thus  having  a  continuous  hold  or  grip  of  each  other 
throughout  the  length  of  the  piece — but  still,  although  thus  conglo- 
merated, so  to  say,  possessing,  as  the  molecules  must  possess,  each 


326    THE  TECHNICAL  STUDENT'S   INTKODUCTION  TO   MECHANICS. 

its  individual  character — then  we  assume  in  practice  that  the  ultimate 
strength  or  capability  to  resist  a  tensile  strain  tending  to  tear  the 
fibres  apart  or  separate  them  from  each  other  is  the  same  throughout 
the  whole  piece  of  timber  or  length  of  rod.  The  young  reader  will 
perceive  that  any  assumption  other  than  this  would  lead  to  such 
endless  complications,  that  calculations  as  to  the  pressure-bearing  or 
strain  resisting  force  of  any  member  of  a  framing  could  not  practically 
be  made.  For  although  it  may  be  theoretically  true  that  the  strength 
of  the  molecules  of  a  body  varies  according  to  the  condition  in  which 
the  piece  is  placed — a  truth  in  physics  of  which  we  have  given  many 
examples  in  preceding  paragraphs — if  this  theoretic  truth  were  strictly 
followed,  the  complexity  in  calculation  would  arise  from  the  fact 
that,  as  the  conditions  of  a  body  might  or  would  vary,  so  also  would 
the  strength  of  its  molecules,  so  that  every  condition  would  require 
new  data;  and  as  the  conditions  are  not  always  known  with  pre- 
cision, so  the  strength  could  not  be  known.  Hence  the  assumption 
is  made  in  practice  that  all  constructive  materials  of  the  same  kind, 
such  as  timbers  of  the  same  class,  are  constituted  physically  alike ; 
and  that  such  as  are  made  by  man,  as  cast  iron,  wrought  iron,  and 
steel — of  the  same  class  or  kind — are  practically  alike  in  constituents, 
and  under  the  same  conditions — as,  say  when  at  the  normal  tem- 
perature of  the  air,  and  when  not  subjected  to  any  special  process — 
taking  them  just  as  they  are  made,  are  practically  identical ;  and 
hence  also  the  other  assumption  that  the  ultimate  strengths  to  resist 
pressures  or  strains  are  alike.  Any  error  in  the  calculation,  or  pro- 
bable source  of  danger  arising  from  the  strictly  theoretical  inaccuracy 
of  these  assumptions  is  provided  for,  practically,  by  the  adoption  of 
the  principle  of  the  margin  of  safety — that  is,  giving  the  pieces  a 
much  greater  strength  than  is  absolutely  necessary  to  resist  the 
tearing-asunder  force  placed  upon  the  piece.  That  is,  the  real  or 
working  strain  to  which  a  piece  is  subjected  is,  under  the  principle 
of  the  margin  of  safety,  only  one-third — but  a  much  better  and 
safer  proportion  is  one-fourth — of  the  strength  which  calculation 
shows  _the  piece  to  possess.  Thus,  if  we  have  a  piece  calculated  to 
be  able  to  resist  a  tensile  strain  of  four  tons,  the  strain  to  which 
the  piece  is  actually  subjected,  or  the  load  which  it  has  to  bear,  is 
but  one-fourfch  of  this,  or  one  ton  only.  This  system  of  dealing  with 
members  of  framing  under  strains  covers  amply  any  chance  of  risk 
arising  from  the  assumptions  made.  The  actual  resisting  power  to 
any  strain  of  a  tensile  character  is  in  strict  proportion  to  its  sectional 
area :  a  rod  or  bar  having  twice  the  number  of  square  inches  in  its 
section  will  sustain  double  the  load,  or  resist  twice  the  amount  of 
strain  tending  to  rupture  or  pull  asunder  its  molecules  of  another 
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rod  or  bar  having  only  half  the  number  of  square  inches  in  its 
section ;  but  this,  the  youthful  reader  will  remember,  is  entirely — 
and  for  the  reasons  we  have  stated — independent  of  its  length.  If 
the  larger-sectioned  bar  were  only  half  the  length  of  the  smaller 
bar,  the  extra  length  of  the  smaller-sectioned  bar — twice  as  much — 
would  not,  as  some  might  suppose,  compensate  or  make  up  for  the 
deficiency  in  its  resisting  powers  to  strain  ;  however  much  the  length 
of  the  bars  was  extended,  both  bars  would  remain  of  the  same 
strain-resisting  strength  as  before. 

We  have  up  till  now  assumed  that  the  pressure  or  strain  upcn 
a  piece  of  wood  or  metal  has  been  placed  or  thrown  upon  it  in 
a  direction  as  A;  in  fig.  64,  or  the  same  as  that  in  which  the 
molecular  fibres  run ;  in  the  case  of  timber  it  would  be  technically 
said  that  the  strain  tending  to  pull  the  piece  apart  ran  in  the  same 
direction  as  the  "grain  of  the  wood."  Pressures  or  strains  on 
materials  of  fibrous  constituents  are  almost  universally  borne  in  this 
direction,  or  the  framing  is  so  disposed  that  the  strains  are  thrown 
upon  the  pieces  in  such  a  way  that  they  ofier  to  them  the  best 
resistance  of  which  they  are  capable,  and  which  is  done  when  the 
strain  runs  in  the  same  direction  as  the  fibres  of  the  iron  or  the 
grain  of  the  wood — as  at  k  in  fig.  64,  ante.  Materials  granular,  like 
stone  or  cast  iron,  ofier  the  highest  resistance  to  pressures  placed 
upon  them  when  these  are  placed  vertically,  as  in  the  case  of  the 
pillar  at  a,  fig.  62,  the  direction  of  the  greatest  depth  or  height. 
When  the  pressure  is  applied  in  the  direction  of  the  least  height — 
that  is,  across  the  thickness  or  depth  of  the  piece,  or  transversely 
to  its  length,  as  in  direction  of  the  arrow  ^  or  in  that  of  i  in  ^g.  64 
— the  resisting  power  to  the  pressure  or  strain  is  at  its  minimum. 
Pressure  or  strain  is  very  seldom  placed  directly  upon  materials  in 
a  direction  perpendicular,  as  the  line  ii,  &g,  63,  to  the  line  of  fibres, 
6  k ;  and  as  the  point  is  of  no  great  moment  practically,  we  have 
few  results  of  experiments  made  to  show  their  resistance  or  ultimate 
strength  to  pressures  transverse  to  the  grain,  or  to  the  line  of  least 
height,  though  one  authority  states  that  the  resistance  of  timber 
having  a  tough  fibrous  character  to  pressure  in  this  direction  is  as 
low  as  from  one-tenth  to  one-twelfth  of  its  resisting  powers  to 
pressures  or  strains  put  upon  it  in  a  direction  the  same  as  that  of 
the'  fibres.  That  there  is  a  great  difference  between  the  resisting 
powers  in  the  two  directions  is  beyond  a  doubt ;  and  it  is  true  also 
that  the  propoition  between  the  two  resistances  varies  very  much 
according  to  the  material,  and  this  from  what  we  see  of  their 
behaviour.  A  bar  of  lead,  for  example,  will  be  more  easily  pressed 
downwards  in  the  direction  of  its  thickness  by  a  heavy  weight  pressed 
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upon  it,  or  dented  or  dinged  by  impact,  as  by  blows  of  a  hammer, 
than  a  bar  of  iron;  just  as  a  scantling  or  batten  of  soft  timber,  as 
white  pine,  will  be  more  easily  crushed  than  one  of  hard  wood,  as 
oak,  or  a  tough  one,  as  ash  or  elm;  the  resisting  powers  to  blows 
on  its  surface  of  poplar,  by  no  means  a  strong  wood,  are  well  known. 
The  resisting  powers  possessed  by  materials  to  pressures  or  strains 
thrown  upon  them  in  directions  perpendicular  to  the  direction  of 
their  fibres,  as  at  tt,  fig.  63,  although  termed  their  strength  trans- 
versely— as  the  direction  of  the  pressure  is  across  or  transversely 
(this  word. is,  from  the  Latin  transversus,  crosswise  or  across) — is  a 
different  thing  from  that  quality  of  strength  or  resistance  to  pressures 
or  strains  displayed  by  materials,  a  description  of  which  is  now  about 
to  engage  our  attention. 

Transverse  Strength  of  GonBtrnctive  Materials,  or  their  Besistanoe  to 

Cross  Strains. 

In  remarking  upon  the  difference  between  the  resistance  of  the 
fibrous  or  the  granular  molecules  to  pressures  placed  upon  them  in 
the  direction  perpendicular  to  the  length  of  the  piece,  and  the 
resistance  when  the  pressure  is  in  direction  parallel  to  this,  we  stated 
that  the  resistance  to  this  transverse  pressure  so  called  was  practically 
of  no  great  moment.  But  this,  at  first  sight,  the  young  reader  may 
be  disposed  to  doubt,  when  he  remembers  cases  of  beams  lying  hori- 
zontally carrying  weights  placed  on  their  upper  side  or  surface,  and 
therefore  of  necessity  having  to  bear  pressures  and  resist  strains  in 
the  direction  of  their  least  height  and  transversely  to  the  direction 
of  their  length.  All  the  more  inclined  to  doubt  the  accuracy  of  this 
statement  as  to  the  little  practical  value  which  this  point  of  resistance 
to  cijoss  pressures  has  to  the  mechanic  will  he  be  when  he  draws  to 
recollection  what  he  has  elsewhere  read :  that  the  department  of 
strength  of  materials — this  quality  or  peculiarity  of  materials  placed 
under  pressure  or  submitted  to  strains — is  one  of  the  most  important : 
is,  indeed,  the  most  important,  as  it  involves  the  consideration  of  the 
strength  of  parts  of  structures  which  are  the  most  frequently  met 
with,  in  which  the  horizontal  position  is  the  striking  feature,  and  in 
this  position  submitted  to  loads  and  strains.  So  impoi-tant,  indeed, 
as  comprising  the  greater  part  of  pieces  or  parts  or  structures,  that 
the  "  breaking  strength  "  of  a  piece  is  taken  as  the  testing  point  of 
its  constructive  value,  and  that  this  breaking  strength,  or  resistance 
to  pressures  or  strains  calculated  to  break  the  piece  across  into  two 
parts,  is  tested  by  subjecting  the  piece  to  "  transverse  "  or  "  cross  ^ 
strains.  But  the  young  reader  will  S3e  how  those  apparently  directly 
contradictory  statements  can  be  reconciled,  and  that  while  the  resist- 
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ing  powers  of  materials  to  pressures  acting  transversely  to  the  length 
of  the  piece,  as  explained  at  end  of  last  paragraph,  are  of  no  great 
practical  moment,  the  subject  of  transverse  or  cross  strains  to  which 
materials  are  subject  is  the  most  important  of  that  department  of 
mechanics  known  as  the  strength  of  materials.  If  we  suppose  a 
beam  or  bar  of  wood  or  of  metal,  a  a,  as  fig.  66,  resting  at  its  ends 
upon  two  walls  6,  c,  to  be  pressed  upon  by  a  weight  dy  the  beam  is 
subjected  to  the  pressure  or  strain  called  a  "  cross  "  or  "  transverse  " 
one.  But  this  is  not  the  same  in  its  effect  as  the  pressing  together 
or  subjecting  the  fibres  to  a  crushing  or  squeezing  effect,  as  explained 
in  connection  with  fig.  63,  where  the  fibres  are  squeezed  together  in 
the  direction  of  the  arrow  h,  perpendicularly  to  the  line  of  length 
c  d,  nor  the  same  as  if  the  beam  a,  fig.  66,  were  laid,  as  at  ef,  solid 
upon  a  wall  g,  and  pressed  upon  by  a  weight  h,  this  acting  in  the 


Fig.  66. 

direction  of  the  line  i  i.  In  this  case  the  beam  might  be  said  to  be 
subjected  to  a  strain  or  pressure  "  cross  "  or  "  transverse,"  but  only 
in  so  far  as  this  tended  to  compress  the  fibres  in  a  direction  trans- 
versely— i  i — to  the  general  line  ef  of  the  fibres  on  the  line  of  their 
"  grain,"  so  to  say.  But  the  beam  ef^  thus  laid  on  the  solid  stone 
or  ground,  would  not  be  subjected  to  the  "  cross "  or  "  transverse  " 
strain  in  the  accepted  sense  of  the  term  (for  which  the  synonymous 
or  equivalent  term  is  "  breaking  strain "),  and  the  measure  of  its 
ultimate  strength  to  resist  (which  is  called  its  "  breaking  weight "). 
For  while  by  great  pressure  the  beam  lying  as  at  ef  might  be  broken 
by  the  solid  soil  or  stone  g  g  giving  way,  it  may  be  assumed  that 
practically  the  beam  ef,  by  being  so  supported  by  g  g,  would  in 
virtue  of  this  be  secure  from  breaking.  To  realise  the  true  meaning 
of  the  technical  term  the  "cross"  or  "  transverse  strain  "  to  which 
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the  beam  is  subjected,  to  know  what  is  meant  by  its  "breaking 
weight/'  the  youthful  reader  must  always  associate  the  idea  of  a 
beam  with  part  of  its  length  freely  suspended  in  air,  or  disconnected 
with  and  independent  of  any  resting  or  supporting  surface.  Generally 
the  beam  or  member  of  a  framing  subjected  to  a  "cross  "  or  ''trans- 
verse strain  "  is  supported  only  at  both  ends,  as  at  b  and  c,  fig.  66, 
and  the  space  between  the  supports,  in  which  the  beam  is  suspended 
or  hung  in  free  air,  is  the  part  which  is  subjected  to  the  "  cross  "  or 
" ti*ansverse,"  often  also  called  a  "breaking  strain."  The  same  is 
the  case  when  the  weight  or  load  or  pressure  is  suspended  from  the 
beam  acting  from  its  under  side,  as  the  weight  n  suspended  from  the 
centre  of  the  beam  k  I,  But  a  cross,  breaking  or  transverse  strain 
may  exercise  itself  on  a  beam  projecting  from  and  built  into  a  wall, 
as  the  beam  o  o  built  into  the  wall  pp,  and  carrying  a  load  at  its 
outer  end,  as  at  ^ ;  the  tendency  of  the  weight  being  to  break  off  the 
part  o  o,  free  of  the  wall  or  suspended  in  the  open  air,  at  the  point 
r  o,  close  to  the  wall.  If  the  young  reader  intelligently  understands 
what  has  now  been  given  on  the  subject  of  pressures  transverse  or 
cross  to  the  general  run  of  the  fibres  or  the  length  of  the  piece,  and 
what  constitutes  the  difference  between  this  and  the  cross  or  trans- 
verse breaking  strain  to  which  beams  are  subjected,  the  general 
position  of  which  is  either  as  at  5  c  or  ^  ^  in  ^g,  66,  or  as  at  o  o,  he 
will  perceive  how  the  strains  under  the  two  conditions  differ.  The 
term  "  beam  "  applies,  however,  more  particularly  to  the  position  b  c, 
where  it  is  supported  at  the  two  ends ;  the  name  of  "  cantilever"  or 
"projecting  beam,"  sometimes  a  "bracket,"  is  applied  chiefly  to  beams, 
as  0  0,  which  are  supported  by  a  brace  or  strut,  usually  or  often 
ornamented,  placed,  or  which  in  true  framing  ought  to  be  placed, 
diagonally,  as  shown  by  the  dotted  line  8  in  ^g.  66.  When  the 
member  or  piece  subjected  to  a  cross  or  breaking  strain  is  of  large 
or  unusually  large  dimensions,  the  term  or  name  "girder"  is  employed 
in  place  of  that  of  "  beam." 

.Although  the  term  "  breaking,  cross  or  transverse  strain  "  is  used 
as  if  it  were  a  single  strain — as  we  say  that  a  piece  is  subjected  to 
a  strain  of  compression  or  one  of  tension — in  reality  a  cross  or 
breaking  strain  is  a  compound,  or  rather  a  dual  one,  made  up  of 
two  strains.  How  this  is,  we  shall  now  explain.  If  a  beam  ab, 
£g.  67,  be  subjected  to  a  load,  as  c,  placed  on  the  centre  of  its  upper 
side,  as  at  c,  the  tendency  of  this,  acting  in  the  direction  of  gravity 
de,ia  to  bend  or  deflect  downwards ;  this  bending  or  curving  down- 
wards of  a  beam  is  technicaUy  called  its  "  deflection,"  and  the  term 
is  derived  from  the  Latin  verb  dejlectere,  to  turn  aside,  to  bend  out 
of  its  usual  or  normal  direction.     This  tendency  of  a  beam,  as  a  6,  to 
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bend  or  curve  downwards,  or  to  deflect,  is  always  acting,  even  when 
there  is  no  load  put  upon  it ;  for  the  mere  weight  of  the  beam  itself 
induces  this  tendency,  the  molecules  at  centre  c  having  as  much  a 
tendency  to  gravitate  or  drop  to  the  ground  as  the  weight  c.  This 
is,  of  course,  true  of  the  molecules  of  all  parts  of  the  beam,  although 
the  weight  concentrates  itself,  so  to  sfiy,  at  the  centre,  causing  it  to 
deflect  these  chiefly.  This  deflection  may  be  so  pronounced  as  to 
give  a  curve  distinctly  visible  to  the  eye,  as  shown  in  the  exaggerated 
way  in  the  diagram ;  or  the  pressure  or  transverse  strain  upon  the 
beam  may  be  so  great  as  to  overpower,  so  to  say,  the  cohesive 


Fig.  67. 

strength  of  the  molecules  and  cause  the  beam  to  break  at  the  centre, 
as  shown  at /in  same  figure.  Now,  this  deflection  gives  the  beam 
two  directions  on  its  upper  or  lower  surfaces — one  concave  on  the 
upper  side,  as  at  g  h,  the  other  convex,  as  under.  Now,  under  these 
conditions,  let  the  reader  conceive  of  the  result  of  a  continued  pres- 
sure acting  in  the  direction  of  the  arrow  k  I  tending  still  further  to 
deflect  the  beam.  The  pressure  will  tend  to  piill  the  molecules  or 
fibres,  as  from  points  g  and  A,  towards  the  centre  point  m  in  the 
direction  of  the  arrows  n  and  o.  But  the  tendency  of  the  pressure 
in  the  opposite,  under  and  convex  side,  is  obviously  in  the  opposite 
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way,  tending  to  pull  the  molecular  fibres  outwards  from  the  centre 
point  p  in  the  direction  of  the  arrows  q  and  r.  Flowing  in  the 
direction  of  the  arrows  n  and  o,  inwards  towards  the  fibres,  must 
tend  to  crush  the  fibres  at  the  centre ;  so  that  if  any  foreign  body, 
as  a  wedge,  were  inserted  at  the  central  point  *,  the  fibres  or  molecules 
flowing  from  each  side,  t  and  u,  would  crush  or  press  in  upon  the 
sides  of  the  wedge.  We  have  thus  on  the  upper  side  of  the  beam 
placed  as  at  ab  in  same  figure,  in  a  state  of  "  compression,"  the 
bending  or  deflecting  force  at  c  acting  as  a  "  compressile  force "  or 
getting  up  a  "  compressive  strain,"  so  that  the  greater  the  force  of 
c  the  greater  the  strain  upon  «,  and  the  firmer  the  wedge  would  be 
held  in  its  place.  The  converse  or  opposite  of  all  this  takes  place 
on  the  under  or  lower  side  of  the  beam,  placed  as  at  a  5  in  &g,  67, 
60  that  if  we  suppose  a  wedge  to  be  fixed  or  driven  into  the  lower 
side  of  beam  at  central  point  before  the  beam  was  fixed  in  position, 
as  at  a  6,  the  moment  it  was  so  placed  and  the  deflecting  force  c 
acted,  the  fibres  or  molecules  of  the  under  side  of  the  beam  would 
flow  in  the  direction  of  arrows  x  and  y,  away  from  the  wedge,  which, 
having  the  pressure  on  its  side  lessened,  could  either  be  easily 
released  from  its  position,  or  would  drop  from  the  beam  by  virtue 
of  gravity  or  its  own  weight.  Here  the  strain  is  that  of  tension, 
tending  to  pull  the  fibres  of  the  lower  side  asunder — the  deflecting 
or  bending  force  c  in  same  figure  acting  as  a  tensile  force  or  "  force 
of  tension";  setting  up  a  "strain  of  tension"  or  a  "tensile  strain." 
If  the  young  reader  will  think  out  the  important  points  here  pre- 
sented to  him,  he  will  perceive  that  there  ought  to  be  some  points 
or  fibres  in  the  beam  which,  situated  in  a  line  some  distance  from 
either  the  upper  or  under  side  of  tho  beam,  will  be  without  any 
pressure  either  of  compression  or  tension.  This  is  so;  and  in  every 
beam  placed  with  its  supports  at  both  ends,  as  at  a  and  b  in  fig.  67, 
with  central  part  between  freely  suspended  and  loaded  on  upper  side, 
there  is  a  line  of  no  pressure,  at  which  the  fibres  are  neither  in  a 
state  of  compression,  as  at  upper  side  *,  nor  of  tension  as  at  a;  and 
y — this  line  being  generally  nearer  one  side  than  the  other,  and  a 
point  about  two-thirds  of  the  height  or  depth  of  beam.  This  line  of 
no  pressure  is  called  the  line  of  neutral  axis,  or  simply  the  "  neutral 
axis,"  as  Sit  zz.  In  a  beam  or  cantilever  projecting  from  the  wall, 
as  at  o  0  in  fig.  66  ante,  the  same  phenomena  of  a  direct  state  of 
strain  to  which  the  beam  is  subjected  are  exemplified.  Thus,  let 
a  by  ^g.  68,  be  the  beam  projecting  from  and  its  inner  end  built  into 
the  wall  e  e,  and  having  a  load  in  addition  to  that  of  its  own  weight 
acting  upon  it  by  the  weight  /.  This  bending  or  deflecting  force, 
pulling  the  end  he  downwards,  extends  or  pulls  outward  from  the 
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wall  ee  the  fibres  of  the  upper  side  ah,  which  thus  flow  in  the 
direction  of  the  arrow  g ;  while,  at  the  Fame  time  the  fibres  of  the 
lower  side  are  pushed  inwards  towards  the  wall  e  c,  and  thus  flow 
in  the  direction  of  arrow  A.  We  have  thus  the  upper  fibres  of 
beam,  towards  side  a  h,  placed  in  a  state  of  tension,  or  subjected  to 
a  tensile  strain  or  force ;  the  fibres  of  the  lower  side  being  in  a  state 
of  compression  or  placed  under  a  compressile  strain  or  force.  And 
as  the  weight  of  the  cantilever  or  beam  ahcd  is  always  tending, 
through  gravity,  to  cause  the  end  6  c  to  drop,  and  this  aided  by  the 
load  placed  upon  it  by  the  weighty,  the  compressive  strain  is  always 
acting;  so  that  when  it  is  greater  than  the  tensile  strength  of  the 
fibres  of  upper  side  ab  to  resist  being  torn  asunder,  they  give  way, 
and  the  beam  snaps,  ruptures,  or  breaks  off  near  the  wall,  as  at 


Fig.  68. 

point  a.  But  if  this  compressive  strain  on  under  side  i  j  is  taken 
up  or  transmitted  to  the  angularly  or  diagonally  placed  strut  or 
brace  k,  made  of  a  metal  best  calculated  to  resist  compression,  the 
strain  on  ij  is  transmitted  in  the  direction  of  arrow  I  to  the  wall 
m  n ;  the  lower  end  of  k  butting  against  a  stone  block  built  into  the 
wall  as  ^hown.  The  young  reader,  in  thinking  over  what  has  been 
said  in  relation  to  figs.  66,  67,  and  68,  will  probably  perceive  that 
the  bulk  or  size  of  a  beam  placed  in  positions  as  there  shown  will 
have  a  direct  influence  on  the  strength  of  a  beam,  and  that  generally 
the  larger  the  size,  the  greater  the  bulk  or  number  of  square  inches 
in  the  section,  the  stronger  the  beam;  and  thus  he  will  conclude 
that  a  beam  small  in  cross-section,  as  at  a,  fig.  69,  will  be  very  much 
weaker  than  one,  as  at  ef,  having  a  very  much  greater  sectional  area; 
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inasmuch  as  each  square  inch  having  a  certain  resisting  power  to 
strains  thrown  upon  it,  the  greater  the  number  of  square  inches  in 
the  beam  the  stronger  it  will  be  as  compared  with  a  smaller-sectioned 
piece  or  beam.  But  it  may  not  have  struck  the  youthful  reader  that 
the  mere  disposition  of  the  contents  of  a  beam  making  up  its  bulk 
has  a  great  influence  upon  its  strength  or  its  capability  to  resist  the 
dual  strains  of  compression  and  tension  to  which  it  is  subjected. 
Thus  he  might,  and  probably  would,  conclude  that  the  square  beam 
ef^  fig.  69,  would  ba  very  much  stronger  than  the  rectangular  beam 
g  A,  which  is  only  just  one-half  the  breadth  of  ef,  as  shown  by  the 
central  line  cd.  But  he  may  be  surprised  to  leai^  that  it  is  the 
depth  or  height,  5  e,  of  a  beam,  in  relation  to  its  breadth  or  width, 
ef,  which  regulates  the  strength  of  a  beam  or  its  capability  to  resist 
a  bending  or  deflecting  force.  The  influence  of  mere  depth  when  in 
excess  of  width  is  very  familiarly  illustrated  thus.     Let  the  young 


a- 


V 


Fig.  69. 

reader  take  a  thin,  broad  or  wide  piece  of  flexible  or  elastic  metal : 
the  blade  of  a  cross-cut  or  a  ripping-saw  will  do  very  well.  This, 
if  it  be  supported  at  the  ends  or  held  by  the  hands  at  the  points  k 
and  I,  will  require  but  a  very  small  weight  to  cause  the  piece  <rf  thin 
metal  or  saw  blade  to  bend  or  "  belly "  downwards,  or  "  sag  "  (to 
use  the  technical  expressions).  But  if  the  position  of  the  saw  blade 
or  metal  be  reversed,  so  that  in  place  of  its  flat  surface  being  hori- 
zontal and  its  edge  or  thinnest  surface  vertical,  the  flat  surface  will 
be  vertical  and  its  narrow  edge  horizontal,  as  at  n  o,  it  will  take  a 
very  heavy  weight  to  cause  the  plate  or  saw  blade  to  bend  so  as  to 
take  the  form  rfiown  by  the  exaggerated  dotted  lines.  Or  the  differ- 
ence between  the  strength  of  a  body  lying  on  the  flat  and  one 
standing,  so  to  say,  on  its  edge,  may  be  suggestively  illustrated  by 
the  same  piece  of  flat  flexible  metal,  as  a  saw  blade,  last  referi'ed  to. 
Thus,  holding  the  blade  as  at  kl^  with  the  hands  extended^  those 
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may  be  made  to  approach  each  other,  with  very  little  pressure  on 
the  opposing  piece  of  metal,  as  it  will  bend  or  belly  or  sag  downwards, 
curving  in  the  ends  in  direction  of  ari'ows  k  and  L  But  if  the  same 
saw  blade  be  held  in  the  hands — one  at  one  extremity,  as  at  g,  the 
other  at  the  other,  as  at  r,  the  young  reader  will  find  it  to  him  an 
impossible  task  to  bend  the  blade  so  that  the  ends  n  and  o  will 
descend  in  the  direction  of  the  arrows  q  and  r,  assuming  a  curve 
of  flexure  the  reverse  of  that  shown  by  the  exaggerated  dotted  lines. 
The  strength  of  a  beam  rectangular  in  section,  as  ^  A,  fig.  69,  is  as 
the  square  of  its  depth  (the  distance  between  the  supports,  as  t  u, 
fig.  66,  being  an  important  element  in  calculating  the  strength  of  a 
beam,  multiplied  by  its  bi^eadth  and  divided  by  the  distance  between 
the  supports).  We  shall  see  presently  how  the  pressure  upon  a 
beam  thus  suspended  between  two  points  influences  its  depth  on  the 
side  considered  in  relation  to  its  length ;  meanwhile  we  go  on  with 
the  points  connected  with  the  depth  of  a  beam  and  its  width  or  its 
cross-sectional  area.  We  have  said  that  the  strength  of  a  beam  is 
its  capability  to  resist  the  dual  strain  of  compression  and  tension 
known  as  transverse  or  breaking  strain.  If  we  take  a  beam  twelve 
inches  long  or  broad  or  wide,  as  ij,  fig.  69,  with  depth  or  height  1 8 
six  inches,  we  shall  have  a  strength  capable  of  resisting  a  transverse 
or  cross  or  breaking  strain  or  pressure  with  a  certain  length  between 
its  supports — represented  by  216.  But  if  we  take  the  same  beam, 
and  instead  of  placing  it  on  the  flat,  or  its  side  s  t,  we  place  it  on  its 
edge,  as  hu,  we  have  now  a  strength  represented  by  864,  or  four 
times  the  amount.  With  double  the  depth  we  have  a  fourfold 
increase  of  strength  capable  of  opposing  a  bending  or  deflecting  force, 
or  a  cross  or  transverse  strain;  but  by  doubling  the  width  or  breadth 
of  a  beam,  as  a,  making  it  as  at  ij,  while  the  depth  or  thickness 
remains  the  same,  as  is,  then  we  have  only  a  double  strength  in 
place  of  a  fourfold  one,  as  in  the  first-named  case.  The  best  pro- 
portion of  depth  or  thickness,  as  gh,of  &  beam  to  its  width  or  breadth, 
as  at  end  g  orh,  is  "  as  the  square  i-oot  of  2  to  1."  The  strength  of 
a  beam  is  therefore,  we  have  said,  as  the  square  of  the  depth,  but 
only  directly  as  the  breadth. 

It  will  thus  be  seen  that  there  is  no  saving  of  material  or  gaining 
of  increased  strength  by  simply  increasing  the  width  of  a  beam; 
and  that  the  mere  change  of  position  of  a  rectangular  beam,  longer 
than  broad,  will  give  a  greatly  increased  strength ;  and  thus  it 
follows  that  there  is  a  great  saving  of  material  by  giving  a  right 
position  to  a  beam,  as  may  be  seen  gi'aphically  by  comparing  e/  with 
h  u,  ^g,  69,  which  is  just  half  the  width  or  breadth  on  edge.  But 
saving  of  material  is  effected  or  influenced  by  the  form  of  the  beam. 
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this  showing  itself  not  only  in  the  cross  section  but  in  the  side  eleva- 
tion. The  usual  form  of  timber  beams — indeed,  the  only  form  which 
can  with  technical  convenience  be  given  to  them — is  the  rectangular, 
in  which  the  depth  or  height  g  h  is  greater  than  the  width  or  breadth 
h  u.  When  cast  iron  was  introduced  into  construction  it  was  adapted 
to  this  the  timber  section  of  beams,  and  used  till  some  one  conceived 
the  idea  that  equal  and  perhaps  greater  strength  might  be  obtained 
by  giving  a  different  section,  and  dispensing  with  much  of  the  metal, 
making  the  beam  lighter  and  less  costly.  One  of  the  earliest  sections 
is  shown  in  fig.  70,  at  a  6  c ;  the  base  or  "  bottom  flange  "  of  girder 
or  beam  carrying  at  its  centre  the  rib  or,  as  it  is  technically  called, 
the  "  web,"  e,  d,  representing  the  parts  cut  away  of  the  rectangle. 


Fig.  70. 

The  form  or  section  introduced  by  the  celebrated  engineer  Tredgold 
was  long  used,  being  considered  the  best — ^this  has  its  top  and  bottom 
tables,  X,  y,  of  equal  breadth — till  the  researches  of  the  late  Professor 
Eaton  Hodgkinson  and  Sir  William  Fairbairn,  the  celebrated  Man- 
chester engineer,  into  both  cast-iron  and  wrought-iron  beams  and 
girders,  resulted  in  the  form  shown  Sit  /  g  h,  the  lower  flange,  / 
carrying  the  web  g,  and  this  surmounted  by  the  top  flange  A.  When 
this  latter  is  one-sixth  of  the  area  of  the  bottom  flange,/,  this  gives 
the  strongest  form  of  cast-iron  beam  which  can  be  made :  it  is  almost 
universally  known  as  Fairbairn's  section  or  beam.  The  wrought-iron 
beam,  which  was  also  one  of  the  results  of  the  researches  of  the 
scientists  named  above,  is  shown  at  i  j:  this  is  the  bottom  flange 
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of  wrought-iron  plate,  k  the  upper  flange ;  these  are  joined  by  the 
web  /,  and  the  ends  of  this  are  secured  to  the  top  and  bottom  flanges 
by  the  angle  irons  m,  w,  o  and  p.  This  gives  a  strong  form  of  beam, 
and  one  all  the  parts  of  which  are  easily  accessible  for  the  purposes 
of  painting,  etc. ;  which  latter  advantage  is  not  so  readily  obtained 
by  the  form  of  beam  known  as  the  "  box/*  also  designed  by  the 
scientists  named  above  as  giving  a  strong  form  of  beam  for  wide 
spans,  etc.  The  box  girder  is  certainly  of  large  enough  dimensions 
generally  to  enable  men  or  lads  to  enter  for  the  purpose  of  cleaning 
out  the  iton  scale  or  rust  which  is  continually  forming,  and  also  to 
paint  the  interior  to  prevent  the  oxidation  of  the  metal.  But  what 
is  concealed  is  often  neglected,  and  this  form  of  inclosed  girder  has 
now  practically  given  way  to  the  "  lattice  "  or  open  girder,  all  the 
parts  of  which  are  accessible,  when  large  distances  or  widths  have 
to  be  spanned.  Two  of  the  forms  of  the  lattice  or  open  girder  are 
shown  at  q  and  r.  In  the  box  girder  the  upper  and  lower  flanges, 
8  8,  t  tf  are  separated  and  suppoi-ted  by  the  side  plates,  u,  v,  which 
complete  the  box  beam  ;  these  plates  and  the  top  and  bottom  plates 
are  connected  and  kept  together  by  the  angle  irons  at  the  outside 
corners,  as  at  w.  Although  the  form  of  beam  /gh  gives  the 
strongest  section  of  beam  for  cast  iron,  it  is  an  exemplification  of 
the  mechanical  truth  too  frequently  overlooked  and  forgotten,  that 
the  mere  change  of  condition  and  position  will  materially  change  its 
characteristics  of  strength ;  for,  just  as  we  found  that  as  a  wood 
beam,  as  ^  ^,  fig.  69,  on  edge,  was  very  much  weaker  when  placed 
in  position  in  the  flat,  as  at  ij  8 1,  so,  if  we  reverse  the  position  of 
the  cast-iron  beam  fg  A,  fig.  70,  putting  its  narrow  flange  h  lowest, 
the  broad  or  bottom  flange  proper,  as  fy  at  the  upper  side,  we  have 
a  very  much  less  strong  beam.  Another  example  of  this  truth  is 
met  with  in  the  disposition  of  the  load  of  a  beam  by  which  the  beam 
has  the  strain,  force  or  pressure  put  upon  it  by  which  its  molecules 
are  strained  and  subjected  to  cross  or  transverse  or  to  breaking 
strains.  Very  disastrous  accidents  have  sometimes  resulted  from 
ignorance  or  neglect  of  the  mechanical  truth  above  stated  as  to  the 
influence  of  change  of  condition  under  which  a  machine  or  part  of 
a  machine  has  to  do  its  work.  At  first  sight  the  young  reader 
would  be  inclined  to  conclude  that  if  a  beam  were  calculated  to  be, 
and  was  in  fact,  strong  enough  to  boar  a  certain  load  or  pressing 
strain  put  upon  it,  it  would  not  matter  much  how  or  in  what  way 
it  was  placed  upon  the  beam.  But  a  little  consideration  would  show 
that  if  the  whole  load  were  concentrated  at  the  centre,  as  at  a  in 
the  ^eam  he,  fig.  71,  it  would  exercise  its  greatest  breaking  strain 
or  pressure  on  the  beam :  that,  in  fact,  if  the  object  were  to  place 

22 
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the  beam  in  the  most  disadvantageous  position  as  regards  its  resisting 
powers  to  strains,  this  position  would  be  best,  although  the  worst 
for  the  beam.  For  the  farther  the  point  of  weight  or  load  a  is  from 
the  points  of  support  6  and  c,  the  greater  would  be  its  straining 
pressure  on  the  beam,  and  the  weaker  to  resist  those  strains  would 
the  latter  be.  If  the  load  were  placed  at  c?,  the  pressure  it  would 
impose  upon  the  beam  would  be  less  than  if  it  were  placed  at  the 
centre  a ;  less  if  placed  at  e  than  if  placed  at  d.  The  same  holds 
true  of  positions  on  the  other  side  of  a :  thus,  the  load  if  placed 
at  g  would  be  less  than  if  it  were  placed  at  a,  and  less  at  /  than 
if  at  g.  The  farther  the  point  of  position  of  load  from  centre  point 
a  of  beam,  the  nearer  that  position  is  to  the  points  of  support,  b  and 
c,  the  less  is  the  strain  put  upon  the  beam  as  compared  with  that 
when  the  load  is  centred  at  the  point  a,  midway  between  the  points 


r\n<r\n\r\-v^ 


Fig.  71. 

of  support  b  and  c.  It  follows  from  this  that  if  the  load  to  be  placed 
on  the  beam  be  so  divided  that  it  can  be  spread,  so  to  say,  over  the 
whole  surface  of  the  beam  with  equal  weights  at  all  the  points,  the 
beam  will  bear  a  heavier  load  than  if  the  load  were  concentrated  at 
centre  a.  Thus,  there  is  a  point  between  centre  a  and  one  of  the 
points  of  support,  say  5,  at  which  the  load,  if  placed  on  the  beam, 
will  exercise  a  breaking  strain  upon  it  of  only  one -half  that  which 
it  would  exercise  at  the  point  a.  If  we  suppose  this  point  to  be  ^, 
and  place  the  load  at  the  corresponding  point  d  on  the  other  side 
of  the  centre  a,  we  obviously  have  a  weight  considerably  greater 
than  the  weight  centred  at  a,  which  the  beam  can  now  carry  with 
the  same  resisting  strength  as  before ;  if  we  carry  this  piinciple  of 
disposition  out,  we  shall  arrive  at  the  truth  that  if  the  load   be 
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distributed  uniformly  over  the  surface  of  the  beam,  as  say  by  a  thick 
iron  plate,  as  at  dark  line  at  h  A,  or  divide  the  weight  centred  at  a 
into  a  number  of  equal  weights,  as  at  A;  k,  placed  equally  along  the 
beam  flange,  we  simply  double  its  sti'ength ;  so  that  if  we  have  a 
beam  strong  enough  to  support  a  given  load  at  centre  a,  by  dividing 
the  load  and  distributing  the  weight  equally  over  the  beam,  as.  at 
kh  or  A  A,  we  may  now  place  with  equal  safety  twice  the  load  on 
it, — or  if  we  do  not  require  this  and  can  distribute  the  load  equally, 
we  can  use  a  lighter  beam,  and  thus  save  the  expense  of  making  it. 
Yet,  in  face  of  the  fact  here  explained,  that  a  beam  is  only  subjected 
to  half  the  breaking  strain  with  that  load  distributed  equally  over  it, 
cases  have  been  known  where  the  whole  load  has  been  concentrated 
at  a,  more  than  one  of  which  have  resulted  in  the  beam  giving  way 
with  disastrous  results  to  life  and  property.  A  mistake  like  this  is 
all  the  more  likely  to  lead  to  accident  if  cast  iron — a  metal  which 
is  exceedingly  treacherous — be  the  metal  used,  as  it  was  in  a  specially 
disastrous  accident.  If  we  take  a  given  beam,  with  depth  I  m, 
fig.  71,  with  points  of  support  at  n  and  o,  a  weight  placed  at  I  gives 
a  certain  breaking  or  cross  strain  upon  the  beam.  If  we  divide 
the  length  between  points  n  and  o  into  a  number  of  equal  parts, 
and  move  the  weight  I  to  those  points,  first  to  point  p  and  then 
to  r,  we  find  by  calculation  the  breaking  strain  at  these  points 
which  are  represented  by  the  points  t  and  v, — the  strains  at  corre- 
sponding points  to  right  of  point  I,  as  q  and  a,  being  equal  to  p  and 
r,  points  u  and  w  will  be  equal  to  t  and  v.  If,  then,  we  draw  through 
these  points  a  curve  y  v  t  m  u  w  x,  we  have  a  form  of  beam  lighter 
and  therefore  cheaper  than  the  rectangular  form  y  n  o  x,  the  parts 
within  dotted  lines  being  dispensed  with ;  but  the  beam  is  neverthe- 
less equally  strong  as  the  rectangular  form.  The  same  principle  is 
applied  to  cantilevers  projecting  from  a  wall,  as  1  2  from  wall  3  3, 
and  the  load  equally  distributed  over  its  surface :  the  part  4  5  2 
may  be  cut  away,  giving  as  a  beam  14  2.  The  curve  6  7  is  equally 
strong,  and  looks  better  than  the  straight  line  giving  an  angular 
form  to  the  cantilever.  If  the  weight  be  distributed  over  the  whole 
surface  of  the  cantilever,  it  will  bear  double  the  load  of  one  in 
which  the  weight  is  applied  at  the  end^  as  at  point  2. 

Twisting  or  Torsile,  Shearingf,  and  Fnncliing  Straini. 

These  strains,  to  which  parts  of  structures  or  machines  made  of 
iron  and  steel  are  subjected,  remain  to  be.  described.  When  a  bar 
or  rod  of  metal,  as  a,  ^g,  72,  is  held  firmly  at  one  end,  and  a  force 
or  power  takes  hold  of  the  other  or  free  end,  and  turns  it  in  the 
direction  of  arrow  &,  the  tendency  is  to  twist  the  fibres  of  the  metal 
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round,  and  squeezing  them  together  at  one  point  and  freeing  them 
at  another,  give  what  is  called  a  twisted  or  twined  appearance  to 
the  surface  of  the  bar  or  rod.  If  the  same  result  is  obtained  in  the 
case  of  a  rod  or  shaft  subjected  to  a  turning-round  force  acting  in 
the  direction  of  arrow  c  at  one  end,  and  at  the  other  to  another  force 
acting  in  the  direction  of  arrow  d,  the  result  of  these  two  forces,  if 
strong  enough,  is  to  twist  the  rod  into  a  screw-like  form,  as  at  e. 


Fig.  72. 

The  strain  thus  put  upon  metal  is  called  sometimes  a  **  twisting 
strain  " ;  more  frequently  the  effect  produced  by  the  action  of  the 
twisting  forces  is  called  torsion,  and  the  strength  of  the  material  to 
resist  the  force  is  called  its  resistance  to  torsion  or  its  resistance  to 
a  torsional  strain.  The  word  "  torsion  "  comes  from  the  Latin  verb 
tordere  toraum,  to  twine  or  twist :  our  word  torture  comes  from  this. 


n?^ 


A  very  fair  idea  of  the  way  to  produce  torsional  effects  is  had,  in 
holding  one  end  of  a  thickish  cord  or  string  firmly  between  the 
fingers  of  one  hand,  and  taking  the  other  end  between  the  fingers 
of  the  othei' :  by  twisting  this  i-ound  and  round  the  string  is  gradu- 
ally shortened  and  the  fibres  twisted  into  a  screw-like  body ;  and  if 
the  cord  thus  twisted  be  freed  from  the  fingers  of  one  hand,  it  will 
begin  to  untwist  until  all  the   screw-like   convolutions   disappear, 
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leaving  the  cord  of  the  same  length  as  before.  This  untwisting  is 
due  to  the  elasticity  of  the  fibres,  which  resist  their  being  placed  in 
an  abnormal  position,  such  as  that  of  the  screw-like  form  produced 
by  the  twisting.  In  the  case  of  metal  it  must  be  very  elastic  to 
untwist :  generally  a  twist  given,  as  to  an  iron  rod,  is  permanent. 

It  will  have  been  noticed  that  rivets  are  largely  used  in  iron  and 
steel  construction,  to  secure  the  parts  together,  as  in  riveting  the 
angle-irons  and  plates  in  diagrams  ij,  tt,  in  ^g,  70  ante.  If  we 
suppose  atty  fig.  73,  and  66,  to  be  two  plates  of  iron  secured  or 
riveted  closely  together  by  the  rivet  c ;  and  suppose,  further,  that 
there  is  a  force  acting  upon  the  upper  plate,  d  d,  in  the  diiection  of 
the  arrow  e,  while  the  plate //is  held  fast,  the  tendency  of  the  force 
e  is  to  force  the  upper  plate,  ddy  along  the  suiface  of  the  lower 
plate, /y*,  and  to  carry  with  it  the  upper  part  of  rivet,  bending  it 
aside,  as  shown ;  and  if  the  force  e  be  great  enough,  the  rivet  will 
be  divided  into  two  at  the  point  h,  and  the  connection  between  the 
two  plates,  d  dyff,  destroyed.  In  this  case  the  rivet  is  said  to  be 
subjected  to  a  "shearing"  strain,  which,  if  strong  enough,  would 
tear  the  fibres  asunder  or  cut  or  divide  them.  It  is  only  in  cases 
where  the  rivets  are  subjected  to  great  strains  thrown  upon  them 
suddenly — as  when  a  riveted  structure,  as  a  bridge,  gives  way — that 
the  rivets  are  actually  cut  or  divided,  or  rather  torn  apart.  And 
it  is  only  those  who  have  witnessed  such  a  disaster  and  examined 
the  parts  in  detail  who  can  form  any  conception  of  the  vast  forces 
which  have  been  brought  into  existence  to  tear  asunder  large  and 
tough  pieces,  as  rivets,  bolts,  and  the  like,  and  the  "  torsional "  or 
twisting  effects  on  bars  and  plates.  But  though  not  often  cut  by 
the  direct  influence  of  a  great  force  suddenly,  and  therefore  all  the 
more  dangerously,  applied,  still  riveted  structures  are  often  very 
much  weakened  through  the  shearing  strains  thrown  upon  the  rivets 
by  the  movement  of  the  plates.  This,  in  some  structures,  is  much 
greater,  and  more  frequently  happens  than  is  suspected.  Thus,  by 
forces  acting  alternately  in  opposing  directions,  such  as  at  e  and  g 
in  fig.  73,  the  rivet  is  acted  upon  first  on  one  side,  tending  to  bend 
it,  say,  to  the  right,  then  to  the  left,  till  by  often  repeated  actions  of 
this  kind  the  rivet  is  so  weakened  that  it  gives  way. 

Rivet-holes  are  made  in  plates  either  by  drilling  or  punching  them 
— the  latter  being  the  more  frequently  adopted  way,  although  in 
the  best  work  drilling  is  employed.  Tlie  plate  to  have  holes  made 
in  it  at  points  corresponding  to  the  line  of  rivets  is  placed  upon  a 
machine,  and  by  mechanical  means  a  punch  is  brought  forcibly  and 
quickly  down  in  the  direction  of  the  arrow  A,  and  the  piece  i  is 
punched  out,  dropping  through  the  opening  in  the  part  ^  ^  of  the 
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machine  upon  which  the  plate  m  m  rests.  The  plate  m  m  under  the 
operation  is  said  to  be  subjected  to  a  punching  strain.  It  does  not 
form  part  of  the  scheme  of  the  present  volume  to  give  rules  and 
calculations  in  connection  with  the  strength  of  materials  used  in 
construction.  Our  object  in  this  department  of  general  mechanics, 
as  in  other  departments,  has  been  to  give  a  fairly  full  and  detailed 
explanation  of  the  important  points  of  general  mechanics,  leaving 
the  young  reader  to  consult  other  and  more  elaborate  works  which 
have  abundant  space  at  command  for  more  detailed  information. 
Throughout  the  paragraphs  which  we  have  had  the  privilege  to 
present  to  our  youthful  readers  we  have  earnestly  endeavoured, 
while  placing  the  various  points  before  him — some  of  which  are  very 
abstruse,  and  the  difficulties  attendant  upon  a  clear  understanding 
of  them  some  have  rather  added  to  than  removed — to  take  plain, 
straightforward  and  common-sense  views  of  them,  abstaining  from 
making  pure  assumptions  or  conjectures  as  to  those  about  which  we 
know  nothing  and  are  not  likely  to  know  anything.  We  have  urged 
him  to  think  for  himself,  to  cultivate  the  habit  of  close  and  intelli- 
gent observation,  and  to  deal  with  facts.  Studying  this,  our  young 
readers  will  be  most  likely  to  arrive  at  a  fair  knowledge  of  even  the 
most  abstruse  points  connected  with  this  subject ;  and  we  should  be 
gratified  to  learn  that  what  we  have  given  has,  even  in  a  slight 
degree,  been  useful  to  but  one  or  two  of  them. 

friction,  its  Leading  Practical  Points. 

This  subject,  as  one  of  the  branches  of  practical  mechanics,  has 
for  a  long  time  engaged  the  attention  of  eminent  men  of  science,  and 
given  rise  to  a  long  train  of  investigations  and  experiments,  those 
leading  to  theories  and  to  a  wide  variety  of  disquisitions  and  papei*s 
more  or  less  elaborate.  Notwithstanding,  it  may  with  some  degree 
of  safety  be  asserted  that  there  is  much  about  friction  of  which  we 
are  ignorant,  and  on  or  about  which  we  may  never  acquire  absolutely 
correct  knowledge.  Certain  it  is  that,  to  some  of  the  deductions 
made  from  his  experiments,  and  laws  formulated  by  the  great 
authority — Morin,  the  !Prench  savant — ^grave  exception  has  been 
taken  by  many  practical  men;  and  some  of  the  most  recent  and 
most  carefully  conducted  experiments  would  seem  to  point  to  the  ab- 
solute fallacy  of  one  of  the  so-called  laws  of  friction  which  has  for  a 
long  course  of  years  been  accepted  by  the  great  body  of  machinists 
as  correct.  Friction  is  the  name  given  to  the  effect  caused  by  the 
rubbing  one  upon  the  other  of  two  bodies  brought  into  surface 
contact  with  each  other.  This  effect  is  manifested  by  a  greater  or 
less  difficulty  to  move  or  slide  or  drag  the  one  body  over  or  along 
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the  surface  of  the  other.  This  difficulty  is  supposed  to  be  caused,  first, 
by  a  certain  amount  of  cohesive  force  or  attraction  existing  between 
the  substances  or  materials — ^this  varying  with  different  materials — 
and,  second,  by  the  natural  roughness  of  the  surfaces.  This  roughness 
of  surface  exists  in  all  bodies,  however  smooth  the  surfaces  may  to 
the  naked  eye  appear.  There  is  no  such  thing  as  absolute  smoothness 
in  the  surfaces  of  bodies :  even  a  higldy  polished  surface,  if  examined 
under  the  microscope,  will  show  inequalities  which  give  it  the  appear- 
ance of  great  roughness.  Those  inequalities  existing  in  the  surfaces 
of  all  solid  bodies  produce  a  series  of  protuberances  or  projecting 
parts,  separated  by  proportional  hollows  or  depressions.  When  one 
surface  is  brought  into  contact  with  another,  the  projections  of  one 
surface  will  fall  into  the  hollows  of  the  other ;  so  that,  when  the 
one  body  is  moved  along  the  surface  of  the  other,  a  c^tain  amount 
of  resistance  to  the  movement  is  felt,  proportionate  to  the  height  of 
the  projecting  and  the  depth  of  recessed  parts  in  the  two  surfaces. 
This  resistance  is  technically  termed  the  **  drag,"  and  varies  with  the 
varying  conditions  of  the  surfaces.  This  interlocking,  or  "engaging" 
— to  use  an  engineering  expression — of  the  projections  and  depres- 
sions under  motion,  produces  the  same  effect  as  the  engaging  of  the 
teeth  of  a  spur-wheel  with  a  pinion. 

Friotion — Brief  Statement  of  its  generally  accepted  Laws. 

Friction,  scientifically  considered,  is  divided  by  authorities  into 
two  leading  sections — the  friction  of  rest,  and  the  friction  of  moving 
bodies.  It  is  with  the  latter  we  have  alone  here  to  concern  ourselves, 
for  it  is  with  parts  of  machines  in  motion  that  the  machine  maker 
has  chiefly  to  do^  the  details  connected  with  the  framework  of  his 
machines  coming  under  another  department  of  the  mechanics  of 
engineering  (see  the  paragraphs  in  this  volume  taking  up  the  subject 
of  the  mechanics  of  bodies  at  rest — beams,  framework,  etc. — generally 
classified  as  the  science  of  "  statics ").  Indeed,  one  has  a  difficulty 
to  conceive  of  the  friction  of  bodies  at  rest,  inasmuch  as  friction  is 
literally  the  rubbing  of  the  surface  of  one  body  upon  that  of  another; 
and  there  can  be  no  practical  rubbing  without  motion.  In  machines 
the  friction  of  moving  parts  is  manifested  in  two  ways :  first,  in 
sliding  or  gliding  movements,  where  one  body  slides  over  the  surface 
of  another  body,  the  motion  being  in  a  right  line,  or  rectilineal  as 
it  is  technically  termed ;  second,  in  rolling  motion,  in  which  one  body 
rolls  over  the  surface  of  another  body.  The  direction  of  the  motion 
is  curvilinear,  or  circular  according  to  the  technical  term.  Although 
those  laws — formulated  by  Morin — have  for  a  long  time  been  generally 
accepted  as  correct,  and   have   been  followed  by  the   majority  of 
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engineers  in  forming  their  calculations,  it  is  only  right  to  state  that 
grave  exception  has  been  taken  to  one  or  other,  if  not  to  all  of 
them,  by  many  engineers  and  machinists  of  great  scientific  and 
practical  ability.  The  third  law,  especially,  has  for  long  presented 
itself  to  the  minds  of  many  as  running  cotinter  in  a  very  marked 
manner  alike  to  their  experience  and  the  common-sense  view  of  the 
points  connected  with  it.  And  the  experiments  recently  instituted 
by,  and  carried  out  with  the  greatest  care  under  the  charge  of,  a 
committee  of  thoroughly  practical  men  of  the  Institute  of  Mechanical 
Engineers,  show  pretty  conclusively  that  friction  is  not  independent 
in  all  conditions  and  under  all  circumstances  of  the  speed  or  velocity 
at  which  the  parts  move  one  upon  another. 

Statement  of  the  Phenomena  and  Laws  of  Friction  as  generally  Formnlated 

and  Beeeived. 

In  the  preceding  paragraphs  we  have  explained  in  general  terms 
what  friction  is,  or  rather,  to  be  more  strictly  accurate,  how  it  is 
manifested  and  created.  From  what  was  there  stated,  it  will  bo 
perceived  that  while  friction  as  ifc  appears  to  the  popular  mind,  or, 
as  we  may  also  put  it,  to  the  common-sense  notions,  can  only  exist, 
or  is  only  created  by  the  rubbing  of  two  bodies,  one  of  which  is,  or 
both  of  them  are,  in  motion,  still  in  what  may  be  called  the  science 
of  friction  there  are  two  cl?.sse3  of  friction :  first,  what  is  called 
"statical friction,"  or  that  between  two  bodies  in  a  state  of  quiescence 
or  rest;  and,  second,  "djmamical  friction,'*  or  that  between  two 
bodies  in  a  state  of  motion.  Now,  although  one  has  no  difficulty  in 
understanding  that  between  two  bodies,  one  of  which  is  moved 
along  or  to  and  fro  over  the  other  body,  friction  of  some  kind  and 
to  some  extent  must  exist,  yet  to  at  least  the  average  mind — in 
the  majority  of  instances,  we  should  say,  in  most  minds — there  will 
be  an  insuperable  difficulty  in  comprehending  how  friction  can  exist 
or  be  created  between  two  bodies  in  contact,  but  both  of  which  are 
at  rest.  And  although  by  various  explanations  of  what  statical 
friction  is — as,  for  example,  that  it  means  or  may  mean  that  it  is 
the  resistance  which  a  body  resting  upon  another  body  can  or  will 
give  to  a  force  tending  to  make  it  move — still  the  average  mind 
will  come  to  the  conclusion  that  it  will  serve  no  practical  purpose 
to  study  and  discuss  questions  relative  to  bodies  which  are  not  in 
the  condition  or  circumstances  under  which  those  bodies  are  with 
which  the  machinist  has  chiefly — we  might  say  altogether — to  concern 
himself.  It  is  to  bodies  or  parts  of  machines  in  motion  that  he  has 
to  direct  his  attention,  and  concludes  that  it  is  only  the  class  of 
friction  created  and   mrnifested   that   he  must  study.     The   very 
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meaning  or  derivation  of  the  word— ;/?*icare,  to  rub,  or  fricOj  I  rub — 
precludes  all  possibility  of  an  ordinary  mind  thinking  of  friction 
as  existing  between  bodies  which  are  not  rubbed — that  is,  are  in 
a  state  of  rest.  It  is  to  the  friction  of  bodies  in  motion  that  we 
therefore  direct  the  attention  of  the  student.  We  have  said  that 
to  M.  Morin — or,  to  give  him  his  official  title,  General  Morin — at 
the  time  Director-General  of  the  Conservatoire  des  Arts  et  Mesures, 
belongs  the  honour  of  instituting  and  efficiently  carrying  out  a  series 
of  investigations  into  the  nature  of  friction,  the  character  of  its 
manifestations  in  conditions  as  nearly  approaching  those  of  actual 
practice  as  possible,  and  to  formulate  therefrom  a  set  of  **  laws/' 
and,  deducible  from  those,  coefficients  useful  in  framing  rules  and 
calculations  for  practical  men.  These  "laws"  were  promptly  accepted 
alike  by  the  scientific  world  and  by  practical  men,  and  up  till  a 
very  recent  date  accepted  in  their  entirety ;  although,  as  we  have 
stated,  not  a  few  practical  men  took  exception  to  more  than  one  of 
the  deductions  which  General  Morin  drew  from  his  investigations 
and  experiments,— exception  of  which  the  accuracy  has  been  proved 
by  the  recent  trials  instituted  by  the  research  committee  on  friction 
of  the  Institute  of  Mechanical  Engineers,  to  which  the  attention  of 
the  reader  will  in  due  course  be  directed.  Let  us  glance  at  the 
leading  "  laws  of  friction  "  as  formulated  by  M.  Morin.  These,  as 
we  have  seen,  were  three  in  number. 

Friction— General  Laws  of  Lubricated  and  Non-Lnbricated  Bodiei  in  Motion. 

The  "  first  law  "  may  be  formulated  in  brief  fashion  thus :  that 
whatever  be  the  amount  of  pressure  by  which  two  bodies  are  kept 
in  contact,  and  between  which  there  is  motion  or  rubbing  together, 
the  friction  created  bears  always  the  same  proportion  to  the  pressure. 
Thus,  while  the  pressure  or  force  keeping  bodies  in  contact  while 
they  are  in  motion,  or  rubbing  upon  one  another,  may  be  a  varying 
quantity,  the  ratio  or  proportion  which  the  friction  created  bears 
to  the  pressure  is  an  invariable  or  a  "  constant "  quantity.  This 
"  constant "  is  technically  called  the  "  coefficient  of  the  friction," 
created  by  the  motion  of,  or  the  rubbing  between,  the  bodies.  The 
"  second  law  "  of  friction  is  briefly  expressed  thus :  that  the  amount 
of  the  friction  created  between  two  bodies  or  substances  in  motion 
or  rubbing  upon  one  another  is  quite  independent  of  the  area  or 
extent  of  the  surfaces  in  rubbing  contact — that  is,  area  or  extent 
of  rubbing  surfaces  need  not  be  regarded.  The  "  third  law "  is  to 
the  effect  that  the  coefficient  of  friction— that  is,  the  relation  or 
proportion  of  friction  to  the  pressure  put  upon  bodies  in  contact 
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and  in  motion — ^is  not  uniform,  but  varies  with  varieties  in  the 
condition  under  which  the  bodies  are  placed,  other  than  that  in 
which  no  lubricating  agent  is  employed,     "When  no  lubricating 
agent  is  interposed  between  rubbing  bodies  in  contact,  we  have  seen 
that  under  the  first  law  the  coefficient  of  friction  is  invariable,  the 
friction  bearing  always  the  same  proportion  to  the  pressure;    but 
when  the    condition   under  which  bodies  are    placed  in  contact  is 
changed,  then  the  coefficient   of  friction  is  changed.      And  this 
condition,  which  thus  gives  rise  to  the  "  third  law,"  as  just  above 
stated,  is  dependent  solely  upon  the  way  in  which  lubricating  agents 
or  unguents  are  used.     Those  ways  are  three  in  number.     First, 
the  "first  condition"  of  rubbing  surfaces  is  that  in  which  a  minimum 
of  lubricating  substances  is  used,  or  rather  in  which  just  so  much 
is  used  as  will  render  the  surfaces*  of  the  two  bodies  what  is  called 
greasy  or  unctuous.     It  will  be  observed  here  by  the  thoughtful 
reader  that  this  condition  is  somewhat  indefinitely  stated,  for  what 
one  by  the  mere  feel — and  the  feel  alone  can  decide  the  point — 
would  say  was  scarcely  greasy  or  unctuous,  another,  judging  also 
by  the  feel,   might  decide  in  quite  the  other  way.     The  "second 
condition"  under  the  third  law  is  that  known  universally  as  that 
in  which  the  bodies  in  rubbing  contact,  such  as  the  journal  of  a 
shaft  and  the  brasses  or  bushes  of  the  pedestal,  are  said   to  be 
"oiled,"  "greased,"  or,  to  use  the  more  learned  technical   term, 
"  lubricated,"  in  the  ordinary  way  common  and  open  to  mechanics. 
This  latter  term  comes  from  the  Latin  hibricus,  slippery  or  smooth ; 
and  from  this  the  verb  lubrica/re,  to  make  slippery  or  smooth.     The 
"  third  condition "  is  that  in  which  the  two  surfaces  otherwise  in 
contact,  as  in  the  first  and  second  conditions  above  named,  are  not 
in  contact,  but  are  kept  separate  in  a  bath  of  oil,  or  by  an  interposed 
stratum  of  some  lubricating  agent;  in  other  words,  where  the  one 
body,  as  the  journal  of  a  shaft,  is  suspended  in  a  bath  of  oil,  borne 
up  by  it,  and  prevented  from  actually  touching  the  surface  of  the 
other  body,  as  the  brass  or  bush  of  a  pedestal.     Now,  in  all  trials 
of  rubbing  bodies  in  contact  under  any  one  condition,  the  coefficient 
of  friction  is  invariable,  no  matter  how  numerous  the  ways  in  which 
the  trials  are  made  under  that  particular  condition ;  but  while  this 
is  so  the  coefficient  of  friction  is  not  the  same  in  all  the  conditions, 
but  varies   in    each  of    the  three    above    named — that   is  to  say, 
each  condition  has  its  own  coefficient  of   friction.     Each  condition 
has  thus  its  own   coefficient    of    friction,  which    under   all    trials 
of  bodies  in  this  condition  never  varies;   but  the  three  conditions 
have  three  different  coefficients.     This  gives  rise  to  some  considera- 
tions, which  will  be  sure  to  have  a  close  and  intimate  bearing  upon 
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the  views  now  held  by  many  eminently  high  mechanical  authorities 
on  friction  and  its  developments  in  practice. 

Friotion  in  Belation  to  Speed  of  Bevolving  ShafU . 

We  have  in  last  paragraph  endeavoured  to  show  that,  before  one 
can  arrive  at  trustworthy  results  as  regards  certain  relations  of 
bodies  one  to  another,  it  is  absolutely  essential  to  take  into  con- 
sideration the  condition  in  which  the  bodies  are  at  the  time  of  the 
trial  or  of  the  experiment.  And  we  illustrated  this  by  reference  to 
one  of  the  somewhat  dogmatic  dicta  of  a  certain  and  an  influential 
circle  of  scientific  men :  namely,  that  the  friction  of  dry — that  is, 
non-lubricated — is  the  same  as  that  between  wet  or  lubricated  bodies. 
One  would  think  that  it  would  be  a  somewhat  difficult  thing  to 
believe  that  they  were  the  same,  so  very  different,  even  to  an 
uneducated  mind,  is  the  condition  of  each.  '  Let  us  now  turn  to 
another  point  held  by  many,  and  one  which  runs  more  counter  to 
experience,  and  what  may  again  be  called,  for  lack  of  a  better  term, 
the  common-sense  way  of  looking  at  things.  But  though  this  be  so, 
the  notion  nevertheless  is  held  by  many,  and  likely  to  be  so  by  those 
who  take  as  guides  many  of  the  text-book  authorities,  who  gravely 
propound  it.  The  notion  here  referred  to  is  that  friction  is  quite 
independent  of  the  velocity  with  which  bodies  rub  one  upon  another. 
As  the  point  is  of  great  practical  importance,  it  will  be  necessary 
to  go  somewhat  fully  into  its  consideration.  We  can  conceive  of  a 
rough  brush,  for  example,  being  dragged  along  or  over  the  surface 
of  another  brush  at  a  certain  rate  or  amount  of  speed — say  at  the 
rate  of  ten  feet  to  the  second — and  that  an  amount  of  "  drag  "  oi' 
resistance  to  the  pulling  or  pushing  of  the  one  brush  over  the  other 
is  so  sensibly  felt,  that  one  might  reckon  that,  if  the  drag  were 
greater,  the  strength  of  the  arm  to  pull  or  push  the  one  brush  over 
the  surface  of  the  other  would  not  suffice.  Here  we  should  say  that 
the  amount  of  drag  or  friction  existing  between  the  two  bodies,  one 
of  which  was  moved  along  in  close  contact  with  the  surface  of  the 
other  brush  at  the  rate  of  ten  feet  per  second,  was  just  equal,  or 
nearly  equal,  to. the  strength  or  force  required  to  overcome  it.  But 
if  we  suppose  that,  in  place  of  having  the  one  brush  dragged  or 
pushed  over  the  face  of  the  other  at  a  speed  of  ten  feet  to  the 
second,  it  was  pulled  or  pushed  along  at  three  times  the  velocity, 
or  thirty  feet  to  the  second,  we  can  conceive  of  the  drag  or  friction 
created  between  the  two  brushes  as  being  just  the  same  as  before, 
no  greater  strength  or  force  of  arm  being  sensibly  felt  as  required 
or  demanded  by  the  new  circumstances  or  conditions  under  which 
the  one  brush  was  dragged  over  the  surface  of  the  other  brush; 
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the  drag  or  friction,  and  the  force  required  to  overcome  it,  being 
still  the  same,  or  nearly,  if  not  quite,  balanced  as  before.  In  like 
manner  we  can  conceive  of  the  results  being  the  same  when  the  speed 
of  moving  brush  dragged  over  the  other  brush  was  reduced  from  ten 
to  five  feet  per  second — that  is,  so  far  as  could  be  ascertained  by  the 
sense  of  feeling — namely,  that  no  less  force  was  required  to  overcome 
the  drag  with  the  low  speed  than  was  required  to  overcome  it  with 
the  much  greater  amount  of  speed  we  named  above,  or  thirty  feet 
per  second.  In  all  the  three  conditions  of  speed — five,  ten,  and 
thirty  feet  per  second — it  might  be  safely  concluded,  so  far  as  the 
strength  of  arm  was  concerned,  which  represented  the  force,  that  the 
same  amount  of  it  was  required  to  overcome  the  drag  or  friction 
created  by  the  rubbing  of  one  brush  surface  over  the  other.  This 
might  be  familiarly  illustrated  by  supposing  that  it  took  the  same 
full  strength  of  a  man  to  drag  a  loaded  wheelbarrow  over  the  surface 
of  a  rough  pavement  when  he  was  running  at  the  rate  of  four  miles 
an  hour,  as  when  he  was  running  at  two  miles,  or  only  at  the  rate 
of  one  mile  an  hour,  the  friction  being  in  all  cases  the  same,  discard- 
ing momentiun.  Such  rough-and-ready  experiments  could,  however, 
only  give  us  rough-and-ready  conclusions  or  results;  although,  no 
doubt,  they  were  such  as  first  gave  rise  to  the  law  of  friction,  which 
we  have  seen  is  stated  as,  and  generally  believed  as,  being  correct — 
namely,  that  the  friction,  or,  to  use  our  term,  the  "  drag,"  created 
between  moving  bodies  is  quite  independent  of  the  velocity  or  rate 
of  speed  with  which  the  movement  is  made.  But  more  definite  and 
more  easily  recorded  results,  tending  to  the  condemnation  of  the  law 
as  above  stated,  were  obtained  by  a  more  elaborate  and  a  higher 
class  of  mechanism — namely,  the  revolution  of  a  shaft,  the  journals 
of  which  were  supported  on  bearings.  In  this  case  the  results  of 
such  experiments  as  were  made  seemed  to  justify  the  accuracy  of 
the  law  as  above  stated ;  so  that  it  was  decided  that  it  mattered 
little,  so  far  as  the  friction  or  drag  of  the  shaft  journal  and  its  bearings 
was  concerned,  whether  the  shaft  revolved  at  the  rate  of  &ye  hundred 
revolutions  per  minute,  or  at  one-fifth  of  this  velocity,  or,  say,  one 
hundred  revolutions  or  turns  per  minute.  This  was  the  result  of 
such  experiments  as  were  made,  and  in  all  of  which,  although  the 
velocities  varied,  the  friction  was  constant,  or  the  same  for  bodies 
working  in  similar  conditions  at  different  velocities.  But  it  never 
seemed  to  be  suspected  that,  while  this  would  appear  to  be  the  truth 
in  relation  to  certain  velocities,  the  results  might  be  very  different 
where  the  velocities  greatly  exceeded  those  experimented  with,  and 
that  with  such  increased  velocity  or  number  of  revolutions  per 
minute,  say,  of  a  shaft  on  its  bearings,  the  friction  would  no  longer 
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• 
be  constant,  but  would  vary  in  proportion  to  the  variation  in  the 
velocity.      This  notion  was,  we  say,  not  even  suspected  by  many, 
who  maintained  the  accuracy  under  all  circumstances  or  conditions 
of  the  law  that  the  friction  was  constant  at  all  velocities ;  but  it  is 
nevertheless  the  fact  that  many  mechanics  there  were  whose  notions 
of  what  working  mechanism  was  revolted,  so  to  say,  against  this 
very  generally  accepted  law  as  above  stated.     And  they  may  be  said 
to  have  based  this  unbelief  upon  a  mode  of  reasoning  somewhat  in  this 
fashion.     The  result  of  friction  upon  a  body  subjected  to  it  is  the  same 
in  its  effects  as  fatigue  is  to  the  animal  body.     To  give  this  another 
name,  it  is  the  "  wear  and  tear  "  to  which  both  are  subjected  when 
work  is  done  by  them.     Each  movement  of  the  body,  as  in  the  case 
of  a  man  stepping  out  or  walking,  is  done  at  the  expense  of  so  much 
of  his  vis  viva  or  living  force,  or,  to  put  it  in  another  way,  of  his 
animal  tissue.     If  each  step,  to  use  a  familiar  illustration,  consumes 
so  much  of  his  animal  tissue,  takes  away  from  the  amount  of  his 
living  force — which,  beyond  all  doubt,  it  does — then  the  greater  the 
number  of  steps  the  man  takes,  the  greater  the  amount  of  animal 
tissue — of  living  force — he  expends,  or  is  wasted  or  done  away  with, 
60  far  as  he  is  concerned.     Now,  this  is  altogether  independent  of 
the  amount  of  this  animal  tissue  or  living  force  expended  or  given 
out  at  each  step.     This  may  be,  and  for  a  simple  revolution  or  step 
mu6t  be,  infinitesimal.     But,  no  matter  how  small  its  amount  may 
be,  it  eidsts;  and  we  have  only  to  multiply  the  infinitely  small 
amount  of  loss  sustained  by  one  revolution  or  step,  to  arrive  at  an 
expenditure  of  living  force  which  will  be  appreciable,  and  may  show 
itself  in  a  manner  the  character  of  which  cannot  be  mistaken.     In 
all    such   calculations   the   element  of   time  is  an    important   and 
indispensable  factor.     Thus,  if  a  man  takes  so  many  steps  in  a  given 
time,  the  expenditure  or  living  force  is  equal  to  the  amount  given 
out  at  each  step  multiplied  by  the  number  of  the  steps  he  has  made  in 
a  given  time  ;  so  that,  if  he  increases  the  number  of  the  steps  within 
a  given  period,  there  is  now  a  greater  expenditure  of  living  force 
than  before.     And  taking  the  distance  ri!ln  in  a  given  time  as  the 
measure  of  the  work  done,   although  a  man  could,   by  greatly 
increasing  his  speed  of  stepping  out — running — cover  a  wider  space 
of  ground  than  before  at  a  lower  speed,  he  would  do  so  only  by  an 
increased  expenditure  of  living  force.     This  would  be  manifested,  if 
the  speed  were  very  high,  and  the  time  of  running  were  compara- 
tively long,  by  the  con(fition  of  physical  exhaustion  he  exhibited  at 
the  end  of  his  run.     This  so-called  fatigue  is  in  reality  the  wear  and 
tear  of  the  body,  and  must  be  made  good  by  rest  and  food,  which 
are  restorative  or  repairing  processes;  just  as  part  of  a  machine. 
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which  is  injured  or  gets  out  of  order  by  excessive  work  is  repaired 
and  put  into  order  by  certain  mechanical  processes.     Now,  this 
fatigue  of  the  human  body,  this  wear  and  tear  of  it  brought  out 
by  or  caused  by  physical  exertion,  is  precisely  analogous  to  the  wear 
and  tear,  or  what  we  may  otherwise  term  the  frictional  destructions, 
caused  or  brought  about  by  the  rubbing  of  one  body  in  motion 
against  another  at  rest,  or  of  two  bodies  rubbing  against  each  other 
both   being  in   motion ;  and   motion  is,  as  we  have   seen,  and  as 
the  merest  tyro  in  machine  work  knows,  an  essential  condition  to 
bodies  wearing  or  rubbing  away,  or  being  destroyed  or  injured  by 
what  is  called  friction.     The  parts  of  a  machine  designed  to  be 
moving  parts,  the  tyro  knows  well  enough,  if  allowed  simply  to 
remain  at  rest  for  an  indefinite  period,  might  rust  away;  but  he 
never  would  dream  of  saying  that  they  had  been  rubbed  away  or 
injured   by  friction,  and    this   however   much   some   would   insist 
upon  his   believing    that    there    was  friction    between   bodies  at 
rest.     Now,  in  regard  to  this  wear  and  tear  of  parts  of  machines 
in  motion,  we  may  decide  with  a  fair  certainty  that  we  are  correct 
in  so  deciding  that  it  is  the  something  to  which  we  give  the  name 
of  friction  which  causes  it ;  and  further,  that  this  effect  must  have 
a  certain  definite  relation  to  tiTne  as  the  important  factor  in  all 
calculations  respecting  its  ultimate  result  or  effect  upon  a  moving 
body.      If,  for  example,  we  find  that  a  certain  amount  of   wear 
and  tear  in  a  shaft  journal  has  taken  place  in  the   course  of    a 
certain  number  of  revolutions  made  in  a  certain  amount  of  time, 
the  total  amount  of  wear  and  tear,  or  of  loss  of  material  of  the 
journal,  shown  by  its  lessened  diameter,  will  be  made  up  by  an 
infinite  series  of    increments  or  portions  of    wear  and  tear  or   of 
rubbing  away.     Each  increment  of  wear  may  be — must  be — ^infini- 
tesimally  small ;  still  it  must  exist,  otherwise  there  would  be  no 
rubbing  away  of  the  material  of  the  journal ;  and  it  must  also  be 
concluded  that  each  revolution  of  the  journal  has  its  own  special 
increment  of    wear   and  tear   or  of    rubbing.      For,  if  not,  how 
and  when  is  the  total  amount  of  wear  or  of  rubbing  away  repre- 
sented by  the  total  number  of  revolutions  to  be  made  up  ?     It  surely 
cannot  be  made  up :  the  whole  amount  of  rubbing  away,  of  wear 
and  tear,  cannot  be  done  at  some  particular  point  in  the  period  of 
time  during  which  the  total  number  of  revolutions  is  made  up  or 
completed.     If  it  were  so,  then  it  would  follow  that  up  to  a  certain 
number  of  revolutions  there  would  be  no  wear  and  tear  at  aU, — 
which  even  a  tyro  in  machine  work  would  see  to  be  a  practical 
absurdity ;  and  then  what  is  the  point  in  the  series  of  revolutions  at 
which  the  wear  and  tear  takes  place,  the  work  of  rubbing  the  journal 
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away  done  1  The  only  reasonable  way  of  getting  out  of  these 
difficulties — raised,  as  we  think  unfortunately,  by  those  who  love 
to  theorise  and  make  all  soi-ts  of  hypotheses  or  conjectures — ^is  to 
conclude  that  any  definite  given  amount  of  frictional  destruction, 
rubbing  away,  or  wear  and  tear  of  a  part  of  a  machine  in 
motion,  is  made  up  of  a  series  of  increments  of  wear  or  of  rubbing, 
and  that  to  each  revolution  an  increment  is  due.  As  we  have  said 
in  the  case  of  the  illustration  of  a  man  running,  it  does  not  matter 
how  infinitesimally  small  each  increment  of  frictional  destruction  of 
the  part  of  the  machine  may  be,  that  does  not  in  the  slightest 
degree  afiect  the  final  result,  which  is  dependent  upon,  or  rather 
brought  about  by,  the  total  number  of  increments  of  friction,  and  each 
increment  must  have  its  own  period  of  existence,  its  own  place, 
in  the  series  which  makes  up  the  whole  or  gives  the  final  result  of 
so  much  wear  and  tear,  so  much  loss  of  the  material  of  the  part 
of  the  machine,  effected  by  so  many  revolutions  in  a  given  time. 
The  young  mechanic  must  not  suppose  that  illustrations  and  con- 
siderations such  as  these  given  here  are  of  no  value.  We  shall  see 
as  we  proceed  of  what  high  value  they  are  in  practice;  to  these 
and  such  as  these  is  due  the  fact  that  later  investigations  have  been 
made,  and  are  still  being  made,  on  the  general  subject  of  friction, 
the  result  of  which  will  be  a  decided  practical  gain  to  machinists 
in  the  constructing  and  working  of  their  machines.  It  is  such 
considerations  as  these  which  led  many  to  dispute  the  accuracy  of 
the  accepted  law  of  friction:  that  its  destructive  results — as  all 
friction  is  destruction  or  the  rubbing  away  of  points — were  quite 
independent  of  the  velocity  with  which  the  points  moved.  But 
thoughtful  machinists  could  not  bring  themselves,  bearing  such 
considerations  as  the  above  in  mind,  to  believe  that  the  frictional 
destruction  caused  by  a  shaft,  for  example,  revolving  at  a  high 
number  of  revolutions  in  a  given  time  was  the  same  as  that  of  a 
shaft  revolving  a  low  number  of  revolutions  in  the  same  time.  For 
if,  as  we  have  shown  above  to  be  the  case,  each  revolution  has  its 
own  increment  of  frictional  destruction,  or  of  rubbing-away  effect, 
it  follows  that  the  greater  the  number  of  revolutions  made  in  a 
given  time,  the  greater  the  amount  or  extent  of  frictional  destruc- 
tion. Eadi  revolution  having  its  own  increment,  no  matter  how 
small,  multiply  the  number  of  increments  existing  in  a  given  time ; 
the  result  or  amount  of  effect  must  also  be  multiplied,  so  that  with 
the  higher  velocity  there  is  the  larger  amount  oi  frictional  destruc- 
tion, of  rubbing  away  or  abrading,  or  of  what  machinists  call 
wear  and  tear.  To  illustrate  the  point  still  more  familiarly,  if 
we  suppose  the  amount  of  abrading  or  rubbing-away  power  of  each 
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increment,  or,  what  is  the  same  thing,  of  each  revolution,  to  be 
represented  by  5 ;  and  the  velocity  or  rate  of  revolution — that 
is,  the  number  of  complete  turns  the  shaft  makes  in  a  given  time 
(as  a  minute) — equal  to  500  revolutions  per  minute,  we  have  2500  as 
the  representative  of  the  frictional  destruction  of  the  low  velocity. 
But  if  we  increase  this  velocity  of  revolution  to  1000  revolutions  a 
minute,  we  have  now  5000  as  the  representative  of  the  frictional 
destruction  or  rubbing  away  at  the  high  velocity.  Hence,  from 
considerations  such  as  these  we  have  given,  it  is  long  since  that 
many  mechanics  could  not  give  their  assent  to  the  statement  of  the 
law  of  friction  as  formulated  by  the  schoolroom, — that  frictional 
destruction  was  the  same  at  all  velocities  of  the  moving  parts,  by 
the  rubbing  of  which  one  upon  another  the  friction  was,  so  to  say, 
created.  But  it  is  only  very  recently  that  systematic  experiments 
and  investigations  have  been  made,  which  have  gone  to  upset 
several  stereot3rped  notions  respecting  friction  and  its  development. 
As  we  have  said,  the  result  of  them  has  been  most  valuable  prac- 
tically to  mechanics. 

Becent  Besearohes  into  Friction  of  Bevolving  Shafts. 

In  the  preceding  paragraphs  under  this  head  we  have  gone  into 
the  consideration  of  certain  points  of  special  importance.  Those 
are  necessary  to  be  understood  as  clearing  the  ground  of  certain 
difficulties  arising  from  false  conceptions  as  to  the  character  and 
a  more  or  less  complete  misunderstanding  of  the  phenomeoa  of 
friction  under  certain  conditions  of  the  friction  of  bodies  in  motion. 
Those  difficulties  having  been  set  aside,  the  reader  is  now  prepared 
to  understand  the  character  and  to  appreciate  the  full  value  of  the 
experiments  made  under  the  auspices  of  the  Institution  of  Mechanical 
Engineers.  The  experiments  were  designed  not  merely  to  set  at  rest, 
if  possible,  cei*tain  points  round  which,  as  we  have  shown,  doubt  has 
accumulated  in  the  minds  of  men  who  could  not  reconcile  the  results 
of  their  practice  and  observation  with  those  "  laws  "  which  had  been 
formulated  from  the  result  of  other  experiments,  and  which  had 
been  accepted  thereupon  as  in  reality  laws  which  had  no  exception, 
but  were  fixed  and  definite ;  and  further,  to  accumulate  facts  which 
might  lead  to  the  formulating  of  laws  which  would  be  in  all  respects 
worthy  of  the  name.  The  experiments  were  further  designed  to  be 
useful  to  practical  men  in  connection  with  the  ordinary  or  everyday 
modes  of  reducing  friction  of  moving  parts,  by  showing  the  best  modes 
of  lubricating,  and  giving  the  means  of  testing  the  relative  values 
of  the  substances  used  as  lubricants.  In  deciding  at  the  outset  the 
nature  of  the  appliances  by  which  their  experiments  were  carried 
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out,  the  fii'st  point  to  which  the  "  Friction  Committee  "  of  the  Insti- 
tution directed  their  attention  was  the  best  method  of  applying  the 
lubricant  to  the  shaft  revolving  under  all  the  conditions  of  experi- 
ment. To  the  youthful  reader  this  might  present  itself  as  a  problem 
very  easy  to  solve,  or  possibly  as  a  point  of  no  great  importance  in 
itself.  As  to  the  impoi-tance,  however,  it  is  obvious  that,  seeing 
— as  all  experience  shows — the  effect  of  lubrication  on  the  friction 
of  moving  parts  to  be  very  decided,  and  as,  moreover,  the  nature 
and  the  value  of  various  lubricating  substances  generally  employed 
do  vary,  and  vary  very  much  indeed,  it  would  not  be  possible  .to  test 
the  relative  values  of  those  lubricating  substances  unless  we  had 
some  standard  or  method,  absolutely  uniform,  or  practically  so, 
in  its  action  and  results,  to  which  reference  could  be  made.  For 
if  the  method  of  lubrication  varied,  and  therefore  the  extent  to 
which  the  lubricant  used  was  applied  to  the  moving  part,  it  would 
be  quite  impossible  positively  to  say  whether  any  variations  in  or 
differences  between  the  results  of  any  set  of  experiments  made  ow(  d 
their  existence  to  the  character  or  kind  of  lubricant  employed,  c.i 
to  the  way  in  which  it  was  applied — ^that  is,  the  completeness  with 
which  the  moving  part  was  lubricated.  So  much,  then,  for  the 
importance  of  having  a  dejSnite  method  of  lubrication,  the  operation 
of  which  would  be  in  all  cases  uniform,  and  thus  afford  a  definite 
standard,  so  to  say.  As  to  the  difficulty  of  the  problem  thus  before 
the  "Friction  Committee,"  the  young  reader  may  have  some  con- 
ception from  the  statement  of  the  fact,  but  too  well  known  to 
practical  men,  that  all  the  established  modes  of  lubrication — ^that 
is,  of  applying  the  lubricant — ^are  defective ;  none  ar«  perfect,  none 
give  uniform  results.  This,  indeed,  might  be  proved  by  the  very 
fact  that  the  mere  number  of  "  lubricators*' — that  is,  the  mechanical 
appliances  by  which  the  lubricating  substances  are  applied  or  supplied 
to  the  moving  parts — ^is  so  very  great;  the  patented  ones  alone, 
from  their  very  number,  being  likely  to  bewilder  him  who  may  be 
desirous  to  have  the  best.  That  all  cannot  be  the  "best,"  or,  indeed, 
equally  good,  may  be  deduced  from  the  fact  of  their  mere  numbers, 
each  system  or  method  having,  according  to  its  maker  or  inventor, 
its  own  peculiar  advantages  as  showing  its  superiority  to  all  others. 
But  the  results  of  direct  experiments  to  show  their  regularity  of  action 
of  all  established  or  generally  used  "  lubricators  "  are  not  wanting. 
Indeed,  some  of  the  results  of  the  experiments  of  the  "  Friction 
Committee "  gave  very  curious  and  suggestive  evidence  as  to  this, 
some  of  the  lubricators  used  largely  by  machinists  failing  at  times 
to  act  altogether,  and  many  displaying  remarkable  irregularity  in 
their  action.      The    young  reader   must  here   guard  against  the 
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danger  of  confounding,  as  so  many  do,  the  terms  **  lubricant "  and 
**  lubricator  "  as  used  throughout  these  notes.  Although  from  one 
point  of  view  it  may  be  claimed  for  them  that  they  are  synonymous — 
meaning  precisely  the  same  thing — still  a  "  lubricant"  properly  used, 
as  we  throughout  use  the  term,  is  the  substance,  such  as  oil,  tallow, 
etc.,  used  to  lubricate  the  moving  part;  the  "lubricator"  is  the 
mechanical  arrangement  adopted,  or  appliance  used,  by  which  the 
"  lubricant "  is  supplied  and  applied  to  the  moving  part.  Granting 
therefore  the  existence,  if  not  of  a  perfect  "  lubricant,"  at  least  of 
one  which  is  admitted  generally  to  be  the  best  at  command  of  the 
practical  man,  it  is  obvious  that  the  more  completely  the  surfaces 
of  the  moving  parts  are  covered,  so  to  say,  with  this  lubricant, 
the  more  perfect  its  influence  on  its  action.  For  if  a  method  of 
applyiog  the  lubricant — in  other  words,  the  lubricator — so  worked 
that  one  part  only  of  the  moving  shaft  received  the  lubricator, 
while  another  part  of  the  moving  surface  received  none,  the  results 
of  any  experiment  made  would  be  totally  untrustworthy,  as  the 
conditions  would  be  very  different  indeed  from  a  trial  in  which  the 
lubricator  was  so  perfect  that  all  the  moving  surface  was  covered 
with  the  lubricant.  Taking  the  fact  that  this  complete  lubrication 
of  the  moving  part  or  journal  of  the  shaft  used  in  the  experiments 
could  not  be  secured  by  any  one  of  the  lubricators  in  general  use 
of  machinists,  the  "  Friction  Committee  "  decided  that  the  only  way 
to  secure  the  complete  application  of  the  lubricant  was  to  make  the 
bearing  of  the  shaft  of  oil,  so  to  say,  in  place  of  brass  or  metal : 
this  was  practically  done  by  causing  the  shaft  journal  to  work  in, 
or  be  suspended  in,  a  "  bath  of  oil."  The  young  reader  will  at  once 
see  that  this  would  be  perfect  lubrication,  inasmuch  as  all  parts 
of  the  moving  surface  could  not  fail  to  have  their  supply  of 
the  lubricant.  And  although  it  would  seem  difficult  to  devise  a 
mechanical  arrangement  by  which  the  shaft  could  be  made  to  revolve 
in,  and,  so  to  say,  be  suppoi*ted  by,  oil  or  the  lubricating  substance,  the 
Committee  succeeded  in  devising  a  method  by  which  all  the  practical 
advantages  of  complete  suspension  of  the  shaft  journal  in  oil  was 
secured.  And  although  there  are  difficulties,  doubtless,  in  the  way 
of  machinists  devising  and  applying  a  lubricator,  by  which  this 
perfect  application  of  a  lubricant  can  be  secured,  still,  if  an  approach 
only  to  the  principle  of  application  of  the  lubricant  be  obtained, 
better  results  will  be  secured  than  by  using  the  old  and  established 
form  of  lubricator,  which  gave  in  all  cases  results  more  or  less 
defective.  As  we  shall  see,  some  of  the  ordinary  lubricators  did 
not  under  certain  conditions  work  at  all ;  this  was  the  case  with  the 
form  of  lubricator  which  is  used  most  extensively,  and  has  been, 
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and  in  point  of  fact  still  is,  looked  upon  as  one  of  the  best  forms 
of  lubricators  in  use.  As  lubricants,  or  greasy  and  oily  substances, 
are  well  known  to  reduce  the  friction  of  one  part  moving  upon 
another,  as  the  journal  of  a  shaft  within  and  upon  its  brasses  or 
bushes,  the  more  completely  the  two  surfaces  are  separated  by  the 
lubricant,  the  less  will  be  the  friction.  This  complete  lubrication, 
in  which  the  journal  may  be  said  to  be  covered  by  the  oil  or  other 
lubricant,  and  which  takes  the  pressure  and  relieves  the  brasses  or 
bushes  from  it,  is  practically  met  by  having  an  oil  pad  at  the  lower 
bearing  constantly  supplied  with  fresh  o3  or  lubricant,  the  upper 
surface  being  that  in  which  the  pressure  or  load  or  the  shaft  rests. 
But  this  local  application  of  the  Inbrieant,  when  efficiently  carried 
out,  still  gives  a  film  of  lubricant  sufficiently  thick  to  separate  the 
shaft  journal  from  the  bearings  and  keep  them  from  coming  in 
contact.  One  of  our  most  able  scientists  has  a-ssumed  that  this  film 
is  actually  divided  into  two  rings,  one  of  the  rings  adhering  to  the 
revolving  journal,  the  other  to  the  surface  of  the  brasses  or  bush ; 
and  he  further  states  that  the  resistances  created  by  the  revolution 
of  the  journal  under  a  load  or  pressure  are  really  those  which  exist 
at  the  point  of  contact  between  the  two  rings,  the  one  ring  tending 
to  tear  or  shear  away,  so  to  say,  a  portion  of  the  other  ring ;  the 
resistance  which  the  one  ring  offers  to  the  other  being,  in  fact,  what 
is  called  "  friction,"  and  that,  according  to  this  assumption,  it  comes 
under  the  laws  of  "fluid"  or  liquid,  not  solid  friction.  The  experi- 
ments made  by  the  Friction  Committee  seem  to  corroborate  this 
view  strongly,  and  hence  their  value  has  been  all  the  greater,  as 
tending  to  simplify  what  has  been  very  complicated,  and  to  lead 
to  results  definite  and  clear  which  befpre  were  too  much  of  the 
opposite  character. 

Beoent  BeBearches  Into  the  Phenomena  of  Friction  of  Bevolving  Bodies. 

Biaving  in  preceding  paragraphs  given  a  general  statement  as 
regards  the  position  of  this  question,  we  are  now  prepared  to  glance 
very  briefly  at  the  leading  deductions  of  the  Friction  Committee 
above  alluded  to  from  the  elaborate  series  of  experiments  which 
were  made  under  the  careful  superintendence  of  Mr.  Beauchamp 
Tower.  We  may,  as  preliminary  to  what  has  yet  to  be  given  in 
this  paragraph,  here  state  that,  as  a  result  of  the  experiments  and 
investigations  which  have  been  made — not  only  by  the  Friction 
Committee  of  the  Institution  of  Mechanical  Engineers,  but  by  such 
painstaking  investigators  as  Professor  Thurstone  of  America,  Mr. 
Westinghouse,  the  well-known  inventor  of  the  Westinghouse  railway 
brake,  another  American  scientist  as  well  as  a  practician ;  Captain 
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Galton,  one  of  our  own  countrymen,  well  known  in  scientific  cii*cles ; 
Professor  Kemball,  and  others — no  attempt  has  been  made  to  pro- 
pound a  theory  which  would  be  an  answer  to  the  question,  What 
is  friction  ?  Such  experimenters  have,  like  Bacon,  the  great  founder 
of  modern  inductive  science,  been  content  to  record  facts,  fearing — 
and  we  think  wisely — the  dangers  likely  to  arise  from  venturing 
into  that  region  of  conjecture  into  which  "  fools  so  easily  rush 
when  wise  men  fear  to  tread.  Yet,  as  naively  suggested  by  The 
Engineer^  the  value  of  a  reasonable  hypothesis  or  scientific  guess  to 
practical  men  must  not  be  overlooked;  and  the  greatest  progress 
in  science  is  made  when  some  hypothesis,  some  conjecture,  is 
hazarded,  which,  in  the  experimental  attempts  either  to  prove  or 
to  disprove,  leads  almosfc  always  to  some  valuable  discovery.  With 
this  practical  end  in  view,  it  is  therefore  to  be  hoped  that  some 
scientific  man  will  formulate  "a  good  working  hypothesis,"  one 
which  will  place  practical  men  under  a  great  obligation  to  him. 

Becent  Besearches  into  the  Friction  of  Bevolving  Shafts. 

The  first  point  in  connection  with  the  experimental  trials  insti- 
tuted by  the  Research  Committee  on  Friction  of  the  Institution  of 
Mechanical  Engineers,  to  which  we  direct  the  attention  of  the 
student,  is  that  the  friction  of  a  shaft  journal  which  is  perfectly 
lubricated  belongs  more  to  the  class,  or  follows  more  closely  the  laws 
of  friction,  of  liquid  substances  than  those  of  solid  ones.  The  theory 
of  friction  of  the  solid  bodies  generally  held  is  that  the  friction 
varies  in  direct  proportion  to  the  load  or  pressure  per  unit  of  surface 
of  the  body,  that  it  is  quite  independent  of  the  surface  of  the  body 
under  friction,  and  finally  that  friction  diminishes,  or  has  a  tendency 
to  diminish,  when  the  velocity  of  shaft  running,  or  the  number  of 
turns  it  takes  per  minute,  increases  beyond  a  certain  limit.  In  the 
theory  of  the  friction  of  liquids  as  generally  held,  the  friction  is 
quite  independent  of  the  pressure  or  load  per  unit  of  surface — is 
directly  dependent  upon  the  extent  of  surface,  and  it  increases  as 
the  square  of  velocity  of  the  moving  body.  In  the  experiments  as 
conducted  by  the  Research  Committee  the  journals  were  lubricated 
in  several  ways,  but  that  which  proved  itself  the  best  was  the  "  oil- 
bath  "  system.  This  term  is  apt  to  be  misleading,  inasmuch  as  it 
gives  the  idea  of  the  journal  as  absolutely  swimming  or  buried,  so 
to  say,  in  oil.  The  term  **  oil  bath,"  however,  properly  understood, 
and  as  canied  out,  is  that  the  under  side  or  circumferential  half 
of  the  journal  is  always  kept  in  contact  with  fresh  oil,  while  the 
load  or  pressure  put  upon  the  shaft  during  the  trial  was  applied  to 
the  upper  half.     The  result  of  the  trials  with  oil-bath  lubrication 
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was  briefly  stated  thus  :  "  The  absolute  friction — that  is,  the  actual 
tangential  force  per  square  inch  of  bearing  required  to  resist  the 
tendency  of  the  brass  to  go  round  with  the  journal  (technically 
termed  the  *  seizing '  of  the  journal) — is  nearly  constant  in  all  loads 
within  ordinary  working  limits.  Most  certainly  it  does  not  increase 
in  direct  proportion  to  the  load  (or  pressure  put  upon  the  journal), 
as  it  should  do  according  to  the  ordinary  theory  of  solid  friction." 
In  the  oil-bath  experiments  the  friction  was  found  to  increase  with 
the  velocity  at  which  the  shaft  revolved;  at  least  this  was  found  to 
be  the  case  when  the  velocity  or  running  speed  of  shaft  was  above 
160  lineal  feet  per  second;  the  friction  did  not  increase,  how- 
ever, so  much  as  the  square  of  the  velocity,  as  might  have  been, 
or  was,  anticipated.  In  connection  with  the  oil-bath  trials  it  was 
found  that  a  great  advantage  arises  from  keeping  the  bearings  of 
shafts  warm,  for  the  trials  showed  a  very  marked  diminution  of  the 
friction  in  proportion  as  the  temperature  of  the  bearing  and  of  the 
lubricant  increased.  For  example,  in  the  case  of  a  shaft  running 
at  the  rate  of  450  revolutions  per  minute,  the  coefficient  of  friction 
at  a  temperature  of  120°  Fahr.  was  only  one- third  of  the  coefficient 
when  the  temperature  was  only  60°  Fahr.,  or  what  may  be  taken 
as  the  normal  or  natural  average  of  temperature  in  this  country 
throughout  the  year.  If  by  doubling  the  temperature  we  lessen 
the  friction  of  a  bearing  by  two-thirds,  or,  say,  66  per  cent.,  it  is 
worth  while  to  take  special  means  to  keep  the  journals  of  a  shaft 
warm.  It  is  doubtful,  however,  whether  the  decrease  of  friction 
with  increase  of  temperature  will  follow  a  ratio  so  favourable  in 
all  cases ;  still  the  fact  remains  that  friction  is  reduced  by  increase 
of  temperature,  if  not  in  direct  proportion, 'to  a  degree  or  amount 
worth  securing.  Another  interesting  point  was  accidentally  dis- 
covered— namely,  that  in  lubricating  with  an  oil  bath  the  pressure 
on  the  film  of  oil  at  the  top  of  the  bearing  when  the  pressure  is  at 
the  maximum  was  great — so  much  so  that  a  pressure  gauge  indicated 
a  pressure  of  above  two  hundred  pounds .  to  the  square  inch,  this 
pressure  being  more  than  double  the  load  or  pressure  on  the  hori- 
zontal section  of  the  journal,  thus  showing  that  the  brass  was 
actually  floating  on  a  film  of  oil  subject  to  a  pressure  due  to  the 
load. 

Beoent  Exp(  riments  on  the  Lubrication  of  Shaft  Bearings. 

The  most  practical,  and  in  most  cases  the  most  unexpected,  results 
of  the  experiments  made  by  the  Research  Committee  were  those 
connected  with  the  systems  or  methods  of  ordinary  lubrication  of 
the  journals   of   shafts.      In  ^g,   74  we  illustrate  the  usual  and 
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simplest  method  of  lubricating  or  oiling  a  shaft  journal,  of  which 
a  cross-section  is  shown  at  a  a ;  6  (  is  the  lower  and  c  c  the  upper 
brass  or  bush,  and  dd  part  of  the  cap  or  cover  of  the  pedestal 
or  plummer  block  (see  "The  General  Machinist"  for  oomplet« 
deecriptioD  and  illustration  of  this  part  of  machine  fitting). 
Through  and  at  the  centre  of  the  upper  brass  ee,  and  cap  dd,t^ 
small  hole  e  e  is  bored  vertically,  this  being  countersunk  at  upper 
surface  of  cap  or  cover  dd,  as  at^  to  form  a  species  of  oil-cup.  The 
oil  supplied  at  /  runs  down  the  vertical  hole  or  small-dia  metered 
tube  e  e,  and  coming  in  contact  with  the  upper  surface  g  of  shaft 
journal  a,  carries,  or  is  supposed  to  carry,  the  oil  round  to  the  lower 
side  k  of  journal ;  the  notion  that  by  this  simple  arrangement  the 
whole  surface  of  the  journal  is  enveloped  in  a  thin  film  of  oil  being 


Fig   74. 

held  almost  universally  by  machiniste.  As  the  cup  or  countersunk 
end/of  vertical  tube  e  e  holds  but  little  oil,  both  this  and  the  part 
of  the  tube  e  e  below  it  get  emptied  or  exhausted  of  oil  with  com- 
parative quickness,  and  this  with  greater  rapidity  at  one  time  than 
another,  according  to  the  conditions  of  the  working  of  the  machine 
of  which  the  shaft  journal  forms  a  part.  Through  the  drying  up 
or  exhaustion  of  the  oil  in  the  cup  and  tube  ft  c,  the  journal  a 
through  continued  working  runs  dry  and  hot,  with  all  the  evils 
consequent  upon  hot  running.  To  avoid  the  evils  aiising  from  this, 
a  number  of  contrivances  have  been  introduced  from  time  to  time 
so  great  that  their  name  is  legion,  which  have  met  with  varying 
success.  Amongst  these,  we  illustrate  the  one  which  ia.  perhaps 
the  simplest,  as  it  is  apparently  a  most  effective,  contrivance  of  the 
great  variety  of  appliances  of  this  class,  and  which  was  introduced 
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to  public  notice  some  fifteen  or  twenty  years  ago;  and  from  its 
mere  simplicity,  if  for  no  other  reason,  and  its  consequent  cheapness, 
took  a  high  position  in  the  estimation  of  machinists,  and  has  kept 
it  ever  since.  This  simple  contrivance  consists,  as  is  shown  in  fig.  75, 
of  a  small  glass  globe  a,  provided  with  a  cork  stopper,  in  which 
is  inserted  a  needle,  down  which,  by  capillary  attraction,  the  oil  c  is 
led  to  its  lowest  point.  The  oil  is  thus  delivered  drop  by  drop  to 
the  journal  d,  when  the  "  needle  Kibiicator  " — for  by  such  name  the 


contrivance  is  known — is  placed  in  position  as  shown  at  ee,  &  hole 
being  bored  in  the  centre  of  and  through  the  cap //and  upper  brass 
or  bush  gg.  As  the  glass  globe  a  a  is  of  somewhat  large  dimen- 
sions  ^being  generally  about  two  inches  in  diameter— it  contains  a 

fair  supply  of  oil,  and  when  exhausted  it  is  very  easQy  refilled  by 
simply  taking  out  the  cork  and  its  connected  needle,  replacing  them 
when  a  fresh  supply  is  given  to  the  ball  or  globe.  Another  advantage 
which  this  contrivance  possesses  is  that  the  oil-holder  a  a,  being  of 
glass  and  consequently  transparent,  the  attendant  upon  the  machine 
can  tell  at  a  glance  if  the  supply  is  exhausted  or  otherwise.     In  the 
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experiments  of  the  Research  Committee  the  trials  with  methods  of 
lubrication — other  than  that  of  the  oil  bath,  which  gave  by  far  the 
most  satisfactoiy  results — were  begun  by  using  an  ordinary  needle 
lubricator,  as  shown  in  5  6  fig.  75.  Along  the  interior  surface  of 
the  bra^  a  groove,  a  a,  fig.  76,  was  cut,  extending  almost,  but  not 
quite,  to  the  ends,  this  groove  running  parallel  to  the  line  5  c  of 
the  shaft,  care  being  taken  to  chamfer  or  take  the  arris  or  edge  off 
the  groove,  as  at  d  e,  and  this  in  order  to  prevent  the  journal  surface 
of  the  shaft  scraping  or  grinding  against  the  sides  of  the  groove, 
which  might  happen  if  the  edges  were  left  sharp,  as  at/.  In  the 
trial  of  the  needle  lubricator  as  thus  arranged,  with  the  needle 
dropping  the  oil  at  the  centre  ^,  ^g.  76,  of  the  brass,  it  was  found 
that  even  with  so  small  a  load  as  100  lb.  per  square  inch  on  the 
journal  the  bearing  would  not  keep  cool ;  and  further,  that  with 
the  needle  lubricator  wholly  removed,  and  the  hole  or  vertical 
tube,  as  e  e,  fig.  75,  filled  with  oil  to  the  top  e — a  depth,  since  it 


.d    e 


Fig.  76. 

gives  a  "head"  or  pressure  equal  to  seven  inches,  sufficient,  as 
one  would  think,  to  force  the  oil  into  the  bearing — not  a  drop 
of  oil  would  pass  down  to  the  journal  when  the  load  was  on,  the 
upward  pressure  in  the  oil  due  to  the  pressure  or  load  on  the  shaft 
being  sufficient  to  keep  the  oil  in  the  tube  and  prevent  it  from 
flowing  to  the  journal.  This  was  put  to  a  severe  test  by — for  a 
moment — removing  or  easing  the  load  on  the  shaft.  When  this 
was  done  the  oil  flowed  from  the  tube  e  e  to  the  journal  d,  ^g.  75 ; 
but  the  moment  the  load  was  again  put  on  the  journal,  the  oil  was 
borne  or  pressed  up  in  the  hole  e  e,  and,  as  before,  it  refused  to  flow 
to  the  journal,  which  at  once  became  dry.  The  conclusion  arrived 
at  from  this  rigid  testing,  which  this  method  of  lubricating  shaft 
journals  was,  showed  that  in  place  of  being,  in  the  language  of  the 
report,  "  a  means  of  lubricating  a  journal,  it  was  a  most  effectual 
one  for  collecting  and  removing  all  oil  from  it."  The  method,  then, 
of  supplying  the  oil  at  the  centre  of  the  brass,  as  at  g,  fig.  76, 
being  obviously  a  wrong  one,  it  was  decided  to  try  an  arrangement 
by  which  it  was  introduced  to  the  journal  at  the  sides.     This  was 
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effected  by  making  two  grooves,  one  at  each  side,  as  ah,  cd, 
fig.  77,  the  oil  being  led  from  the  hole/ made  in  the  cap  gg,  and 
f^  to/by  a  reservoir  placed  on  the  upper  surface  of  cap  sy.  This, 
which  is  a  form  of  lubrication  that  ia  frequently  employed,  and  waa 
first  introd  uoed  very  many  years  ago,  is  illustrated  in  fig.  78.  In 
this  a  a  is    a  receptacle,  to  'which  is  connected  a  tube  b  h,  passing 


^B 


m 
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centrally  up  the  vessel  a  a  till  within  a  short  distance  below  the 
upper  edge  of  vessel.  Down  this  hollow  tube  55  a  thread  or  cord 
cd  of  porous  fibrous  material,  such  as  lamp-wick,  is  passed;  one 
end,  as  c,  floating  in  the  oil  in  vessel  a  a,  the  other,  as  d,  at  lower 
end  of  tube,  rubbing  slightly  against  the  surface  of  journal,  as  at  ci  in 


Fig.  78. 

fig.  75.     The  wick  conveys  oil  by  capillary  attraction  from  the  oil 

reservoir  a  a  to  the  surtace  of  journal,  go  long  aa  the  reservoir  is 
kept  sugplied  with  it.  This  arrangement  of  double  grooves,  ah,  cd, 
fig.  77,  parallel  to  line  of  shaft,  and  placed  at  sides  of  brass,  as 
shown  otherwise  in  section  at  ee,  proved  much  more  satisfactory  than 
the  arrangement  illustrated  in  fig.  75  ante,  in  so  far  as  it  permitted 
the  oil  to  flow  freely  down  from  the  reservoir  to  the  journal.     But 
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it  was  not  so  satisfactory  so  far  as  the  development  of  friction  was 
concerned,  for  the  bearing  nevertheless  seized  with  a  load  or  pressure 
on  it  of  only  380  lb.  to  the  square  inch :  a  system  of  lubrication 
somewhat  akin  to  that  used  in  the  axle-boxes  of  locomotive  engines. 
In  this  new  arrangement  the  oil  was  delivered  near  each  end  of  the 
bearing;  each  one  of  the  supplies,  as  a  and  6,  fig.  79,  was  delivered 
to  a  groove,  as  a  c,  h  d,  each  groove  being  placed  at  an  equal  distance 
from  the  centre  line,  the  two  inclosing  a  boundary  or  an  oval-shaped 
space,  as  shown.  Although  so  successful  in  locomotive  practice,  this 
lubricating  contrivance  failed  utterly  in  the  trial  to  which  it  was 
subjected  by  the  Research  Committee,  the  grooves  so  satisfactory  in 
the  locomotive  lubrication  being  "perfectly  useless"  in  the  Com- 
mittee's apparatus ;  for  the  oil  refused  to  go  freely  down,  the  lower 
side  of  the  journal  feeling  perfectly  dry  and  getting  speedily  heated 
with  a  load  of  only  200  lb.  per  square  inch.  This  lubricator  afforded 
an  excellent  example  of  the  importance  of  attending  to  the  ques- 
tion of  condition  or  of  the  circumstances  under  which  machines  and 


Fig.  7y. 

mechanical  appliances  work,  this  point  of  condition  being  so  frequently 
ignored  or  forgotten.  In  the  locomotive  this  form  of  lubrication 
is  successful  beyond  a  doubt,  and  beyond  this  also  it  appears  pretty 
certain  that  this  success  is  due  to  the  repeated  and  continuous  series 
of  shocks  which  the  appliance  receives,  naturally  consequent  upon 
the  running  of  the  engine.  Now,  under  the  conditions  of  the  trial 
of  the  Friction  Committee,  the  lubricator  was  in  a  state  of  quiescence, 
there  being  from  the  smooth  running  journal  no  shock  or  shake, 
and  shakes  having  a  tendency  through  the  principle  of  inertia  to  cause 
the  oil  suddenly  to  rund  own  the  tube  or  hole  in  the  cup  leading  from 
the  oil  reservoirs  above. 

Becent  Besearches  into  the  ITattire  of  the  Friction  in  Banning  or 

Bevolving  Shafts. 

The  result  of  the  successive  trials  of  different  forms  of  lubrication 
was  that  the  Committee  were  convinced  that  the  system  in  almost 
universal  use  was  decidedly  wrong — namely,  that  in  which  the  upper 
side  of  journal,  as  e  c,  ^g,  74  ante,  receives  the  oil  delivered  through 
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the  hole  or  tube  ec  formed  in  the  cup  dd  oi  the  pedestal   or 

plummer   block  carrying    the  journal.      The    discarding    of    this 

principle  of  lubrication  led  by  consequence  to  the  adoption  of  a 

system  by  which  the  oil  is  delivered  to  the  under  side  k  of  the  shaft, 

trusting  to  the  oil  being  carried  round  in  its  revolution  to  lubricate 

the  upper  side  g^  which  is  the  seat  of  pressure  on  the  shaft.     In  this 

method  the  interior  surfaces  of  the  brasses  are  left  quite  plain  and 

smooth,  having  none  of  the  grooves  or  holes.     To  the  under  side  of 

the  shaft,  as  side  A,  an  oily  pad  was  applied,  the  pad  being  kept 

or  carried  in  a  tin  box  filled  with  rape  oil.     As  this  pad  was  only 

supplied  by  the  force  of  capillary  attraction,  sucking  it  up,  so  to  say, 

very  slowly  from  ihe  tin  box,  the  oil  carried  round  by  the  journal 

was  very  small  in  quantity — "  the  oiliness,  in  fact,  being  only  just 

susceptible  to  the  touch  " — nevertheless  tho  whole  surface  of  the 

shaft  was  uniforfialy  and  evenly  supplied  with  oil.     The  bearing  thus 

lubricated  gave,  under  trial,  results  highly  favourable  as  compared 

with  the  other  machines;    it  carried  fairly  5511b.  to  the  square 

inch,  the  results  generally  approaching  more  closely  to  the  oil  bath 

standard  system  of  lubricating  than  the  other  methods  employed. 

In  a  word,  the  general  result  of  the  experiments  may  be  stated,  that 

the  lessening  of  friction  is,  in  fact,  dependent  upon  the  completeness 

of  the  system  of  lubrication,  the  best  method  being  the  oil  bath,  the 

second  best  the  oil  pad ;  all  others  between  these  being  more  or  less — 

some  altogether — unsatisfactory.     "The  oil  bath,"  says  the  report 

of  the  Committee,  "  probably  represents  the  most  perfect  lubrication 

possible,  and  the  limit  beyond  which  the  friction  cannot  be  reduced 

by  lubrication ;  and  the  experiments  show  that,  with  speeds  of  from 

100  feet  to  200  feet   per  minute,  by  properly  proportioning   the 

bearing  surface  to  the  load,  it  is  possible  to  reduce  the  coefiicient 

of  friction  as  low  as  x^h^q.     A  coefficient  of  ^^  is  easily  attainable, 

and  probably  is  frequently  attained  in  ordinary  engine  beariugs  in 

which  the  c&rection  of  the  force  is  rapidly  alternating  and  the  oil 

given  an  opportunity  to  get  below  the  surfaces,  while  the  duration 

of   the  force  in   one   direction  is  not   sufficient   to   allow  time   for 

the  oil  to  be  squeezed  out."     The  experiments  proved  clearly  that 

the  diminution  of   the  friction  is  dependent   upon  the   amount  of 

lubrication   applied  to   the  bearing,  and  the  way  in  which   it  is 

applied.     And  as  regards  the  quantity  of  lubricating  matter  used, 

tlie  benefit  of  complete  lubrication  does  not  arise  from  its  absolute 

abundance :  for  example,  in  the  case  of  the  oil  pad  the  quantity  of 

oil  actually  used  was  very  small,  scarcely  more  than  to  give  to  the 

touch  just  the  feeling  that  the  bearing  was  lubricated.    Experiments 

proved  that  the  quantity  of  lubricating  matter  may  be  so  diminished 
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that,  while  the  friction  is  increased  seven  times  greater  than  it  was 
with  the  oil  hath,  still  the  bearing  did  not  seize.  It  may  be  concluded 
that,  with  perfect  lubrication,  the  speed  of  "  minimum  friction  '*  is 
from  100  to  150  feet  per  minute,  this  tending  to  go  higher  with  less 
perfect  lubrication,  and  with  an  increase  of  the  load  per  square  inch 
put  upon  the  bearing.  By  the  term  "  speed  of  minimum  friction  " 
is  meant  the  speed  in  approaching  which  from  a  condition  of  rest, 
or  that  in  which  the  bearing  is  not  revolving,  the  friction  diminishes, 
and  in  which  the  friction  increases  when  the  speed  is  above. 

Practical  FointB  connected  with  Shaft  Bearings  in  regard  to  Friction. 

In  striking  what  may  be  called  the  balance  between  the  mechanical 
power  given  out  or  expended  in,  and  the  amount  of  mechanical  work 
done  by,  machines,  the  engineer  or  machinist  sets  down  against 
friction  the  whole  of  the  loss  sustained  by  the  working  of  the 
machine  of  mechanical  power  or  energy.  This,  however,  can  be 
said  to  hold  true  only  of  well-proportioned  and  thoroughly  well- 
constructed  machines.  It  dees  not  hold  true  where  the  conditions 
cf  the  machine  are  converse  to  this;  for  with  bad  proportions 
and  constructions  there  are  sure  to  be  forces  set  up  antagonistic 
to  economy  in  the  use  of  mechanical  energy  or  power ;  though  the 
deformation  of  parts,  which  is  always  accompanied  by  the  loss  of 
power,  is  expended  in  causing  the  deformation  of  parts,  and  which 
becomes  what  may  be  called  a  permanent  loss  of  mechanical 
energy,  through  the  extra  power  required  to  work  parts  which  are 
deformed  compared  with  those  which  are  normally  proportioned  and 
accurately  constructed.  Friction  in  machines  is  generally  manifested 
in  one  or  other  of  two  ways :  first,  in  the  sliding  of  pieces  against 
other  pieces  in  right  lines,  such  as  the  vertical  and  horizontal  sliding 
motion  of  the  end  blocks  of  a  piston  crosshead  in  the  case  of  vertical 
and  horizontal  steam  engines;  or  secondly,  in  the  motion  of  parts 
in  rotation.  Of  those  two  classes  of  friction,  that  arising  from 
parts  which  are  worked  with  the  circular  motion  of  rotation  is  the 
largest  in  amount.  Thus  even  but  a  slight  inspection  of  a  number 
of  machines  will  suffice  to  show  that  the  parts  in  motion  of  rotation 
or  revolving  are  much  more  numerous  than  those  in  which  the 
motion  is  right-lined — that  is,  having  a  reciprocating  or  to-and-fro 
motion.  The  parts  which  revolve  are  carried  by  what  are  called 
shafts  or  spindles  (for  distinction  between  and  peculiarities  of  which 
see  the  companion  volume  in  this  series  entitled  "The  General 
Machinist").  The  parts  which  carry  or  support  those  shafts  and 
spindles  are  of  different  classes  or  kinds,  such  as  pedestals  or  plummer 
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blocks,  brackets  or  liangers,  shafts  lying  horizontally,  and  steps  for 
those  running  vertically  (see  the  volume  just  referred  to  for  charac- 
teristics of  these).  In  shafts  running  horizontally  the  parts  which 
are  actually  carried  by  the  pedestals,  hangers,  etc.,  are  called  the 
journals  or  bearings,  these  being  embraced  by  the  "brasses"  or 
"  bushes,"  and  between  the  surfaces  of  which  the  lubricant  is  em- 
ployed to  reduce  friction.  If  we  take  into  consideration  the  number 
of  machines  badly  constructed,  and  the  parts  of  which  are  them- 
selves badly  proportioned,  we  need  scarcely  feel  surprised  at  the 
fact  that  friction  is  the  hete  noir  of  the  machinist — the  monster, 
so  to  say,  which  is  constantly  gnawing  at  the  vitals  and  reducing 
the  strength  of  the  subject,  the  great  cause  of  loss  of  mechanical 
energy  or  power,  and  which  they  are  ever  bewailing.  But  many 
machinists  miss  altogether  the  only  direction  in  which  this  great 
loss  may  be  lessened,  and,  indeed,  actually  minimised.  That  the 
mere  form  of  rubbing  or  revolving  parts  has  an  influence  upon 
the  amount  of  friction  created  will  be  obvious  on  consideration, 
yet  it  is  a  point  which  is  greatly  overlooked  by  many  machinists. 
While  friction  is  proportioned  to  pressure,  and  is  independent 
of  extent  of  surface,  it  follows  that  the  force  of  a  body  in 
relation  to  another  body,  between  the  surfaces  of  which  friction  is 
created  when  motion  is  induced,  will  by  influencing  the  pressure  or 
load  influence  in  like  degree,  if  not  exactly  in  like  proportion,  tha 
friction  created.  Thus  take  the  case  of  a  certain  weight  resting 
upon  a  perfectly  level  board :  by  a  simple  mechanical  arrangement 
ib  will  be  found  that  the  weight  or  its  practical  load  or  pressure 
upon  the  surface  of  the  board  will  be  moved  along  the  surface  of 
the  board  in  a  horizontal  direction  by  a  certain  amount  of  mechanical 
power  obtained  by  the  use  of  a  dropping  or  falling  weight.  If  now 
the  board  be  tilted  up  at  one  end  so  as  to  form  an  inclined  plane,  it 
will  be  found  that  a  less  amount  of  mechanical  power  or  energy  will 
be  required  to  make  the  weight  move  down  in  a  direction  from  the  top 
or  highest  point  of  the  board  to  the  lowest  edge  or  end.  Tilting  up  the 
board  at  various  angles,  it  will  be  found  that  the  higher  the  one  end 
is  raised  and  the  angle  of  inclination  with  a  horizontal  line  increased, 
the  less  power  will  be  required  to  make  the  weight  move  down  the 
incline,  and  this  because  with  the  increase  of  inclination  the  pressure 
exerted  upon  the  surface  of  the  board  will  be  lessened.  Dispensing 
with  the  dropping  weight  which  represents  the  mechanical  power 
or  energy,  a  point  in  the  variation  of  the  inclination  of  the 
board  will  be  found  at  which  the  weight  will  begin  to  slide  down 
the  incline,  the  power  of  gravity,  or  that  due  to  its  own  weight, 
causing  it  to  drop  or  fall.     Here  the  form  has  a  decided  influence 
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in  reducing  the  pressure,  and,  in  proportion,  friction.  And  we 
find  this  in  many  kinds  of  mechanical  work — as,  for  example, 
in  the  screw ;  the  pitch  of  the  thread  of  this  determines  the  power 
which  it  can  exert  and  the  ease  or  otherwise  with  which  it  can  be 
worked  by  the  lever.  Thus,  by  having  a  thread  of  fine  pitch,  in  which 
the  angle  of  the  thread  in  relation  to  the  axis  is  very  small,  it  may 
iake  considerable  power  to  work  the  screw  downwards  from  the 
upper  to  lower  position  in  its  nut ;  while  by  making  the  angle  of 
incHnation  of  the  thread  very  great-— giving,  in  fact,  a  quick-running 
thread — the  mere  weight  of  the  screw  itself  might  make  it  descend 
freely  in  its  nut.  This  is  a  parallel  case  to  the  weight  and  inclined 
board  named  above,  for  a  screw  is  simply  an  inclined  plane  wrapped 
or  rolled  round  a  cylinder  (see  "  The  Building  and  Machine  Draughts- 
man "  in  this  series).  The  influence  of  form  or  size  on  friction  is  also 
seen  in  several  departments  of  the  machinist's  work :  for  example, 
in  that  of  toothed-wheel  gearing  (see  "  The  Building  and  Machine 
Draughtsman"  for  modes  of  delineation  or  projection,  and  "The 
General  Machinist"  for  notes  on  their  construction),  it  is  a  well- 
established  fact  that  wheels  of  large  diameter  work  with  less  loss 
from  friction  than  those  of  small  diameter.  The  same  holds  true 
with  certain  modifications  in  regard  to  pulleys  driven  by  belt,  the 
increase  of  diameter  giving  a  decrease  of  friction,  as  there  is  less 
tension  on  the  belt  of  the  large  pulley  than  there  is  on  the  small 
pulley.  But  with  increase  of  size  comes,  as  a  general  rule,  increase 
of  weight  of  the  moving  part,  and  increased  weight  gives  increased 
pressure  and  consequent  friction.  This,  then,  of  itself  would  place  a 
limit  to  increased  size  being  given  to  toothed-wheels  and  pulleys; 
while  there  is  another  point  defining  this  limit — as,  for  example,  the 
resistance  which  the  air  offers  to  the  free  revolution  of  a  wheel  or 
pulley.  This  resistance,  in  the  case  of  large  pulleys,  is  much  greater 
than  many  would  be  inclined  to  believe,  and  is  a  point  for  which, 
in  well-designed  running  gearing,  allowance  must  be  made.  The 
theoretical  or  perfect  motion  of  teeth  rubbing  against  teeth  in 
toothed- wheel  gearing  is  that  of  rolling ;  but  in  practice  this  is  so 
far  from  being  attained  that  the  motion  is  practically  one  of  sliding ; 
if  it  were  only  rolling  motion,  the  ratio  of  this  to  pressure — and 
consequent  friction — ^is  so  small  that  it  need  never  be  taken  into 
account ;  but  the  sliding  friction  into  which  the  motion  of  toothed 
wheels  resolves  itself  is  the  source  of  a  considerable  loss  of  power, 
which,  however,  is  in  the  highest  proportion  in  small-diametered 
wheels. 

It  is  sliding  friction  which  is  met  with  in  the  case  of  the  bearings 
of  shafts,  and  this  motion  of  rotation  or  revolution  which  constitutes, 
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as  we  have  said,  by  far  the  largest  proportion  of  the  motion  of 
machines — reciprocatory  or  to-and-fro  motion,  being,  comparatively, 
but  seldom  met  with.  A  journal — or  that  part  of  a  shaft  which  is 
carried  by  the  bearing  or  brass  of  the  pedestal,  etc.,  when  well 
proportioned  and  accurately  fitted  or  made,  and  with  good  material 
— will  practically  remain  unaltered  in  form  and  in  size.  Many,  after 
years  and  years  of  constant,  steady  working  under  the  most  rigid 
tests,  hS,ve  not  shown  the  slightest  alteration  in  form  or  accuracy 
of  fitting.  This  shows  that  there  must  be  a  very  slight  amount  of 
friction  created  between  the  surface  of  the  journal  and  that  of  the 
brass  or  bush  of  the  pedestarin  which  it  rests.  Yet,  as  we  all  know, 
bearings  become  in  course  of  time — some  short,  others  long — loose 
and  rattling.  But  it  is  the  brass  which  wears,  and  there  must  be 
something  very  wrong  indeed  if  the  journal  itself  of  the  shaft  is 
much  worn,  and  irregularly  so.  A  great  many  elements  or  factors 
have  to  be  taken  into  consideration  when  estimating  the  effects  and 
the  amount  of  friction  in  the  cases  of  revolving  or  rotating  parts — 
such  as  the  pressure  or  load  upon  the  shaft  journals,  the  speed  of 
the  running,  the  size  or  diameter  of  the  journal,  the  method  of 
applying  the  lubricator,  as  oil  or  grease,  and  the  character  of  this 
itself,  the  temperature  at  which  the  journal  works,  and  the  method 
of  distributing  the  load  or  pressure  under  which  the  shaft  works, — 
-  all  have  to  be  taken  into  account.  And  in  dt)ing  so  a  wide  variety 
of  circumstances  must  be  considered.  As  to  the  dimensions  or  size 
of  the  journal,  much  diversity  in  practice  is  observable  by  those  who 
have  much  to  do  with  machines.  A  great  point  to  be  gained  is  a 
perfect  distribution  of  the  load  or  pressure  on  the  journal  or  bearing. 
Engineers  know  the  value  of  a  good  bearing  surface,  in  which  the 
pressure  is  distributed  so  as  to  make  it  uniform  over  every  point  of 
its  surface,  and  reducing  the  pressure  to  a  minimum  on  any  given 
point.  A  load  distributed  over  a  wide  surface  is  better  for  the  life 
of  the  structure  or  machine  than  if  it  were  distributed  over  a  small 
one ;  the  greater  the  number  of  supports,  the  less  the  amount  of 
pressure  put  upon  any  one  individual  point  of  support.  These 
considerations  must  have  due  weight  in  designing  and  fitting  of 
journals.  In  some  machines  the  length  of  the  journal  between 
shoulder  and  shoulder — or  that  part  embraced  by  the  length  1  2, 
^g,  77  ante — is  far  too  short  in  proportion  to  its  diameter.  A  gcod 
proportion  for  length  of  journal  to  its  diameter  is  two  and  a  half 
times  this.  Too  short  a  journal  or  bearing  surface  is  almost  certain 
to  give  a  bearing  which  heats,  and  a  hot  journal  working  at 
a  high  speed  ploughs  up  its  surface  rapidly,  and  soon  puts  it  "  out 
of  truth."     But  care  must  be  taken  not  to  give  too  great  a  length  to 
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the  journal ;  for,  as  pointed  out  by  an  able  authority,  the  coefficient 
of  friction  increasing  with  the  increase  of  bearing  area  and  consequent 
decrease  in  intensity  of  pressure,  it  follows  that  bearings  should  be  as 
short  as  possible,  "consistent,  however,  with  security  against  heating," 
and  a  too  short  journal  or  bearing  is  almost  certain  to  work  hot, 
while  a  too  long  one  is  apt,  from  its  mere  length,  to  spring,  and  thus, 
putting  an  end  pressure  on  the  bearing,  cause  it  to  run  hot.  For, 
says  the  authority  just  quoted,  "  with  every  diameter  of  shaft  there 
is  a  limit  beyond  which  no  increase  of  length  of  journal  will  prevent 
heating.  With  a  given  shaft  heating  under  a  given  load,  no  increase 
of  diameter  will  reduce  liability  to  heat,  if  the  shaft  does  not  spring, 
and  increasing  its  length  may  afford  advantage  only  up  to  a  limit." 
The  point  is  one  clearly  of  some  difficulty  to  decide ;  for  in  attempting 
to  avoid  the  Scylla  of  too  small  a  journal,  the  machinist  is  apt  to  incur 
the  danger  of  the  Charybdis  of  too  large  a  one.  But  it  may  safely 
be  said  that  more  danger — that  is,  loss  from  an  undue  friction — lies 
in  the  direction  of  too  short  or  small  journals  and  bearings  than  in 
too  large.  The  heat  due  to  a  rubbing  journal  is  proportional  to  the 
work  done  in  the  journal.  The  carrying  away  of  the  heat  depends 
upon  the  diameter  of  the  metal  of  journal  and  of  bearing ;  and  if 
not  carried  away,  the  heat  increases  up  to  a  point  at  which  the  rate 
of  the  dispersion  is  equal  to  that  produced,  at  which  point  the  machine 
must  either  be  stopped  or  a  cooling  agent  applied.  The  minimum 
safe  temperatui^e  is  always  below  the  temperature  at  which  the 
lubricant  evaporates  or  decomposes.  But  it  is  to  be  noted  by  the 
student  that  a  journal  always  works  better  when  moderately  warm 
than  when  it  is  cold  ;  only  a  journal  working  in  this  condition 
while  lubricated  requires  to  be  watched  with  care,  as  thei'«  is  great 
risk  of  the  journal  quickly  running  hot.  As  the  tendency  to  heat 
in  a  journal  increases  "  directly  as  the  intensity  of  the  pressure  and 
as  the  amount  of  work  done,  and  inversely  as  the  area  across 
which  the  heat  can  be  transmitted,  the  diameter  of  the  journal,  if  it 
be  sufficiently  strong  and  stiff,  does  not  affect  this  phenomenon  of 
heating."  In  the  case  of  wrought-iron  journals,  the  intensity  of  the 
pressure  at  which  a  journal  well-proportioned  can  run  is  500  lb.  to 
the  square  inch;  and  for  steel  journals  about  double,  or  1000  lb. 
to  the  square  inch.  The  elastic  limit  of  these  metals  is  high  above 
those  limits,  and  in  the  case  of  the  metals  of  the  bearings  or  brasses 
is  also  much  higher,  although  lower  than  the  iron  and  steel  journals. 
We  have  said  that  more  danger  of  loss  from  heating  and  friction  is 
likely  to  aiise  from  having  too  small  journals  than  too  large.  When 
too  small,  wearing  unequally  under  the  pressure  or  load  they  bear, 
the  brass  or  bush  is  apt  to  grip  the  sides,  and  thus  bring  the  sides 
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inwards;  this  brings  about  a  wearing  away  of  tbe  surface,  which 
cutting  up  rapidly  injured  both  brass  and  journal.  Generally  the 
brass,  bush,  or  bearing  is  made  of  a  metal  much  softer  than  the  iron 
or  steel  journal  of  the  shaft,  so  that  this  takes  the  wear  and  tear ; 
but  by  having  new  ones  the  "fit"  is  again  renewed,  the  journal 
itself  merely  receiving  a  touch  or  smoothing-up  in  the  lathe,  when 
the  fit  is  as  good  as  new.  The  great  point  in  fitting  is  to  secure  a 
uniform  bearing  or  pressure  of  the  journal  over  the  whole  surface ; 
but  at  times  the  pressure  is  taken  up  by  a  part  only  of  the  bearing 
or  brass,  and  this  part  by  wear  rubs  down,  so  to  say,  so  that  it  is 
sufiicient  to  carry  the  pressure  without  further  wearing  down.  The 
best  method  of  freeing  bearings  from  lateral  or  side  grip  or  grasp  of 
the  journal — a  prolific  source,  as  we  have  said,  of  wasteful  working 
— is  to  "  free  the  sides  of  the  bearings  by  cutting  them  away  so  as 
to  clear  the  journal  entirely  by  an  angle  of  at  least  30°  from  the 
horizontal,  and  even  60°  for  very  long  journals  moderately  loaded." 
The  diameter  of  a  journal  is  determined  not  by  its  liability  to  heat, 
but  by  the  load  it  has  to  bear,  and  the  strength  and  stififness  it 
requires  for  this  is  calculated  by  the  ordinary  rules  which  regulate 
the  strength  of  metals.  The  length  of  a  journal  is  determined  by 
a  reference  to  the  laws  of  friction. 

Tlie  Lubrication  of  the  Working  Parti  of  Haokinefl. 

The  laws  of  friction  concern  themselves  with  the  relation  of 
different  bodies  brought  into  contact  with  each  other  in  the  con- 
struction of  machines.  And  although  these  laws  embrace  or  include 
what  scientists  call  the  friction  of  rest  or  quiescence,  it  is  obvious 
that,  from  a  practical  point  of  view,  it  is  really  the  friction  of 
bodies  which  come  in  contact  with  each  other,  and  which  a/re  in 
motion  in  relation  to  each  other,  with  which  the  machinist  has 
to  do.  And  as  in  machine  working  the  parts  of  the  machines  in 
motion  are  lubricated  or  provided  with  an  oily  or  greasy  substance 
for  the  very  purpose  of  reducing  the  friction,  it  would  appear 
to  be  but  a  common-sense  methcd  of  considering  the  subject, 
that  in  all  calculations  connected  with  friction  the  nature  of  the 
lubricant  and  the  method  in  which  it  is  applied  should  be  taken  into 
account.  But  the  youthful  student  of  the  subject  will  have  been 
no  doubt  surprised,  from  what  we  have  said  already,  to  have  learned 
that,  in  many  of  the  disquisitions  which  scientists  have  published, 
lubrication  by  itself  has  been  but  little  attenled  to;  and  when  taken 
into  account  it  has  been  by  them  concluded  that  the  laws  which 
regulate  the  friction  of  bodies  lubricated  are  the  same  as  those 
which  regulate  the  friction  of  bodies  rwt  lubricated.     Here  again, 
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taking  the  common-sense  view  of  the  subject,  it  would  appear  that 
there  Lj  something  vitally  wrong  in  the  opinion  of  some, — namely, 
that  the  lubricant  having,  as  we  know,  some  effect  on  the  rubbing 
parts,  there  is  nevertheless  no  essential  difference  between  the  two 
cases.  But  from  what  we  have  further  stated,  the  youthful 
student  will  have  perceived  that  aM  scientific  men  have  not  taken 
this  erroneous  view,  but  that  many  now^  recognising  at  once  the 
important  part  the  lubricant  exercises  in  the  moving  parts  of 
machines,  have  devoted  much  attention  to  the  subject  of  lubrica- 
tion only.  The  use  of  lubricants,  or,  to  use  the  more  popular 
term,  of  oily  and  greasy  liquids,  or  fatty  substances,  in  reducing 
the  waste  of  moving  power  employed  in  the  driving  of  machinery, 
or,  what  is  the  same  thing  practically,  lessening  the  frictional 
waste  or  rubbing  away  of  parts  of  machines  which  are  kept  in 
motion,  seems  to  be  a  very  simple  matter  at  first  sight,  but  in 
reality  it  is  not  so.  The  art  or  science  of  lubrication,  considering  it 
as  a  matter  of  independent  investigation  and  practice,  is  surrounded 
with  many  perplexities  and  with  what  appears  to  be  contradictions ; 
and  it  is  to  be  feared  that  much  of  this  arises  from  what  has  been 
done  by  many  scientific  men.  Many  of  these,  if  not  indeed  the  great 
majority  of  them,  have  considered  the  subject  from  a  too  purely 
theoretical  point  of  view;  have  mixed  up  with  it  merely  abstract 
considerations  concerned  with  the  friction,  so  called,  of  different 
bodies  in  contact,  and  deduced  coefficients  for  differing  materials 
by  which  calculations  were  made,  and  which  were  presumed  to  be 
applicable  to  like  cases,  or  to  those  which  were  assumed  offhand  to 
be  like. 

At  first  sight  all  the  closeness  of  consideration  and  apparent 
accuracy  of  deductions,  and  of  calculations  based  on  them,  would 
seem  to  be  amply  justified  by  the  circumstances  of  the  subject.  But 
if  one  point  is  clearer  than  another  in  connection  with  it,  it  has 
appeared  to  those  who  take  a  thoroughly  practical,  everyday  view 
of  the  points  involved,  that  unnecessary  perplexity  and  complications 
have  arisen  through  forgetfulness  of  the  fact  that  the  conditions 
under  which  a  machine  or  part  of  a  machine  worked,  affected,  and 
that  in  the  closest  manner,  the  results,  so  far  as  the  reduction  of 
frictional  waste,  or  loss  of  motive  power  in  consequence  of  it,  was 
concerned.  This  consideration  of  the  particular  points  of  special 
cases  clearly  indicates  that,  in  place  of  having  a  fixed  set  of  rules, 
applicable  to  all  cases  apparently  similar,  the  true  way  of  dealing 
with  the  subject  is  to  take  each  particular  case  as  presenting  points 
which  are  present  only  in  it.  We  thus  get  rid  of  a  number  of  what 
may  be  called  theoretical  refinements,  which  have  certainly  done 
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much^  as  it  appears  to  many  able  men,  to  put  difficulties  in 'the  way 
of  perfect  lubrication  being  attained. 

And  that  this  conclusion  is  the  common-sense  one  will  be  made 
clearer  and  clearer  the  more  the  facts  of  known  experiments  and 
trials  are  examined,  and  the  importance  of  the  condition  of  working 
the  bodies  or  machines  operated  upon  is  taken  into  account.  And 
in  practice  it  will  be  found  that  lubrication  — that  is,  the  application 
of  oily  or  greasy  liquids  or  substances,  which  in  itself  appears  to  be 
such  an  easy  thing  to  effect,  so  that  a  method  applicable  to  one  case 
will  be  applicable  to  aU — will  in  reality  vary  very  much ;  that  is, 
if  economy  and  efficiency  are  desired.  And  as  the  everyday  con- 
ditions  under  which  various  machines  work  are  more  and  more 
considered,  the  art  of  lubrication,  or  as  it  may  otherwise  be  put,  the 
difficulty  of  getting  rid  of  or  lessening  frictional  waste,  will  be  seen 
to  be  narrowed  to  the  consideration  of  points  concerned  with  the 
lubricant  only,  and  not  with  the  metals  of  which  the  parts  of  the 
machines  in  motion  are  made.  And  as  a  consequence  of  this  sim- 
plification of  the  subject  of  friction  and  lubrication,  the  other  points 
to  be  considered  are  those  connected  with  the  characteristics,  the 
nature  and  qualities  of  the  lubricating  liquids  or  substances  employed. 

That  the  view  of  the  art  of  lubrication  above  named,  and  which 
is  the  most  recent  outcome  of  what  may  be  called  the  common-sense 
way  of  looking  at  machine  working,  is  the  true  one,  a  very  little 
consideration  will  prove.  We  know  that  friction  is  created,  wear 
and  tear  of  material  promoted,  and  loss  of  motive  power  in  working 
the  machines  caused,  by  the  rubbing  of  certain  bodies  in  contact, 
or  what  for  practical  purposes  is  considered  as  contact ;  for  what 
is  really  contact  is  not  a  condition  found  in  the  practice  of  the 
machinist,  and  is  a  consideration  which  used  not  to  be  taken  into 
account  at  all,  and  will,  therefore,  by  its  absence  simplify  the  subject. 
We  know  also  that  in  practice  those  losses  are  lessened  by  placing 
certain  substances  or  liquids  between  the  bodies  coming  in  contact 
so  called.  Now,  it  is  obvious  that  the  agent  which  is  useful  here 
is  the  lubricant,  and  only  this.  Any  consideration  connected  either 
theoretically  or  practically  with  the  metals  themselves,  or  the  parts 
which  without  the  lubricant  would  rub  against  each  other,  and  thus 
create  frictional  loss,  need  not  trouble  us,  if  only  we  have  a  good 
lubricant  and  an  efficient  mode  of  applying  it.  In  those  two  points 
lies  the  whole  question  of  the  art  of  lubrication,  for  it  is  the  effect  of 
the  lubricant,  substance,  or  liquid  interposed  between  the  metals  or 
rubbing  surfaces,  which  has  to  be  considered.  But  although  the 
subject  of  frictional  waste  is  now  much  simplified,  it  does  not  follow 
that  the  art  of  lubrication  is  itself  simple.     It,  on  the  contrary, 
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demands  the  investigation  of  many  points  in  the  nature  and  qualities 
of  the  lubricants,  so  as  JK)  find  out  the  best  and  discard  the  bad 
substances  or  liquids  used.  And  then,  "when  we  have  got  the 
lubricant,  there  come  up  all  the  difficulties  attendant  upon  the 
methods  of  applying  them.  Under  these  two  heads  there  is  enough 
for  ample  consideration  on  the  part  of  machinists  and  those  using 
machines. 

General  Methods  of  Bedncing  Friction  in  Machine  Working. 

Keeping  in  view  the  leading  cause  of  friction,  the  natural  rough- 
ness of  surfaces  of  bodies,  the  first  method  of  reducing  friction  is  to 
make  all  moving  parts  uniform  and  smooth  in  surface.  In  close 
connection  with  this  is  obviously  the  importance  of  making  all 
surfaces  mechanically  "true" — that  is,  where  the  motion  is  recti- 
lineal or  sliding,  the  surfaces  coming  in  contact  must  be  abso- 
lutely flat  and  uniformly  so  in  all  parts.  If  this  be  not  attended 
to  and  irregularities  exist,  the  one  part  will  "  ride "  on  the  other, 
adding  to  the  loss  of  effective  working.  And  in  cases  of  circular 
motion  the  parts  must  be  turned  and  bored  out  absolutely  true  to  the 
circle  and  perfectly  parallel  to  each  other.  In  one  word,  the  higher 
the  class  of  machine- work  given  to  the  parts,  the  more  will  the  friction 
be  reduced.  It  is  to  be  noted,  however,  that  the  smoothness  or 
polish  given  to  the  rubbing  surfaces  must  not  be  carried  too  far ; 
inasmuch  as  the  first  cause  or  assumed  cause  of  friction  may  be 
brought  into  play,  and  there  may  be  an  amount  of  absolute 
cohesion  of  the  surfaces  arising  actually  through  the  extreme  fine- 
ness of  the  surface.  This  cohesion  is  well  known  to  the  physicist : 
for  example,  it  is  difficult  to  separate  two  very  highly  polished  plates 
of  metal  or  glass,  one  being  superimposed  upon  the  other.  The 
second  expedient  to  reduce  friction  is  to  avoid  making  the  rubbing 
surfaces  of  the  same  material.  The  reason  for  this — if  indeed  it  be 
not  the  only  explanation  of  the  principle — is  this :  that  as  each  material 
or  substance  has  its  own  peculiar  physical,  or  what  may  be  called 
constructive,  characteristic  throughout  its  whole  body,  so  it  has  its 
peculiar  character  of  exterior  surface,  and  that  this  may  be  more 
completely  developed  when  it  is  what  is  technically  called  "wrought" 
— that  is,  formed  and  fashioned  into  the  shape  necessary  to  take  its 
part  in  the  mechanism,  as  when  it  is  chipped,  filed,  turned,  planed, 
polished,  or  ground.  If  two  sui'faces  therefore  of  the  same  kind 
are  placed  in  rubbing  contact  with  and  moved  upon  each  other,  the 
protuberances  and  corresponding  hollows  between  them,  being  of  the 
same  kind,  will  naturally  fit  into  or  "  engage"  with  each  other — that 
is,  will  interlock  with  each  other  more  completely  and  readily  than  if 
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one  of  the  rubbing  pieces  were  of  a  different  nature,  and  of  course 
having  a  different  character  of  what  may  be  called  gripping  surface, 
from  that  of  the  other ;  just  as  the  teeth  of  two  spur  wheels  would 
engage  more  readily  and  grip  each  other  more  completely  if  the  two 
wheels  had  teeth  of  the  same  form  and  "  pitch  "  than  if  the  form 
and  pitch  of  the  teeth  of  one  of  the  spur  wheels  were  different  from 
those  of  the  other.  Be  this  the  exact  explanation  of  the  circumstance 
or  not,  it  is  i the  fact,  confirmed  by  long  experience,  that  the  friction 
is  greater  when  the  rubbing  bodies  are  of  the  same  material — as  cast 
iron  upon  cast  iron,  for  example — ^than  when  one  of  the  surfaces 
is  of  a  different  metal  from  that  of  the  other.  Hence  we  find  in 
practice  the  journals  of  wrought-iron  shafts  revolving  or  working 
in  "  bushes  "  or  "  brasses  '*  or  "  bearings  "  of  gun-metal  or  of  brass, 
or,  as  in  the  most  modern  practice,  of  phosphor  bronze,  aluminium 
bronze,  or  the  anti-friction  metal  known  as  "magnoHa,"  which  greatly 
reduce  the  friction,  and  in  proportion  economise  the  motive  power. 
Some  metallic  alloys  are  also  found  to  be  of  great  value  in  reducing 
friction,  such  as  Bubbit's  white  metal,  and  the  like. 

General  Expedients  for  Bedncing  the  Friction  of  Bodies  in  Motion 

{coniiMied). 

The  third  expedient,  and  that  the  most  widely  known  and  prac- 
tised, is  the  use  of  what  are  called  "  lubricants " — that  is,  oily  and 
greasy  fluids  and  substances.  These,  as  animal,  vegetable  and  mineral 
oils  and  unguents — such  as  grease,  tallow,  and  the  like—  are  supplied 
to  and  passed  between  the  rubbing  surfaces.  With  the  improved 
appliances — some  of  them  so  complicated  that  they  may  be  said  to 
be  little  machines  themselves — now  at  the  command  of  the  machinist, 
together  with  a  wide  variety  of  lubricating  fluids  and  substances, 
a  wide  experience  has  raised  the  lubrication  of  machinery  to  the 
position  of  an  art — raised  it  almost  to  the  dignity  of  a  science.  The 
making  of  lubricating  appliances  and  mechanism,  and  the  application 
of  new  substances,  form  now  a  speciality  in  mechanical  engineering ; 
and  at  present  the  position  reached  is  this— that  many  of  the  diffi- 
culties attendant  upon  the  phenomena  and  the  manifestations  of 
friction  in  the  moving  parts  of  inachines  are  likely  not  much  longer 
to  trouble  the  machinist.  And  this  the  more  inasmuch  as  men  of 
advanced  practice  hold  the  opinion,  or  are  rapidly  coming  to  hold  it, 
that  it  is  not  the  actual  surfaces  of  the  parts  with  which  the 
machinist  has  to  concern  himself  in  deciding  the  question  of  their 
friction,  but,  seeing  that  in  a  well-lubricated  journal,  for  example, 
tb?  sjiaft  runs  in  or  i^  gupport^d  by  wbat  is  virtually  a  ring  or  tube 
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of  lubricating  fluid,  lying  bstween  the  exterior  surface  of  the  journal 
and  the  interior  surface  of  its  brasses,  it  is  the  lubricant  with  which 
the  machinist  has  to  concern  himself.  For  if  well  lubricated  the 
metals  will  not  be  in  contact  with  each  other,  so  that  the  phenomena, 
hitherto  so  puzzling,  need  not  be  attended  to.  If  this  view  be  correct, 
it  will  quite  revolutionise  the  practice  of  machinists  in  regard  to 
friction  of  parts  in  motion. 

In  his  expedients  for  reducing  friction  the  machinist  must,  after 
all,  look  chiefly  to  care  in  proportioning  the  parts,  and  to  the  high- 
class  character  of  his  work.  In  all  machines  circular  may  be  said 
to  be  the  dominant  motion;  the  parts  revolving  demand  spindles 
and  shafts,  and  those,  again,  have  to  be  supported  by  well-designed 
and  carefully-constructed  bearings.  A  great  deal  of  wasteful  friction 
is  created  by  the  bearings  being  badly  proportioned,  the  journals 
being  but  too  frequently  much  too  short.  Shafts  with  long  journals 
and  bushes  always  run  more  smoothly  and  with  less  friction  than 
those  having  short  journals  (see  the  volume  entitled  "  The  General 
Machinist "  in  this  series).  When  one  examines  some  machines  as 
** turned  out"  of  the  machine  shops  of  certain  machinists,  one  need 
wonder  little  at  the  enormous  loss  of  power  which  their  working 
involves.  The  parts  are  badly  proportioned — ^in  some  cases  as  much 
too  heavy  and  clumsy  as  others  are  too  light ;  the  workmanship  is  of 
the  poorest,  parts  requiring  the  most  accurate  adjustment  being 
"  scamped,"  while  throughout  the  whole  there  is  a  want  of  that  fine 
balance  at  once  of  the  various  parts  relatively  to  one  another,  and  to 
the  machine  as  a  whole,  which  the  expert  knows  almost  intuitively 
as  one  of  the  most  striking  evidences  of  good  mechanical  design. 
Contrasted  with  such  machines,  as  ill  designed  as  they  are  badly 
constructed,  one  has  but  to  examine  one  of  those  machines  for  which 
our  textile  machinists  are  famous  all  the  world  over,  to  see  almost 
at  a  glance  not  only  what  a  well-balanced  design  is,  but  what  fine 
nicety  in  mechanical  workmanship  and  finish  can  do  in  reducing  the 
friction  unavoidable  in  all  machines  to  a  minimum.  The  most  com- 
plicated machines  employed  in  our  textile  industry,  in  which  there 
are  hundreds  of  moving  parts,  are  so  well  balanced  in  design  and  so 
carefully  constructed,  that  they  possess  all  the  mechanical  finish,  and 
run  with  all  the  accurate  precision,  of  a  timepiece.  Those  two  classes 
of  machine  work  here  noticed  aflbrd  examples  of  what  should  on 
the  one  hand  be  avoided,  and  on  the  other  as  sedulously  followed  by 
the  machinist  in  designing,  also  in  constructing  and  in  the  finish  of 
his  work. 

It  will  follow  from  what  has  just  been  given,  and  as  a  necessary 
consequence,  that  a  few  at  least — ^if  it  does  not  turn  out,  as  some 
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think,  that  many — of  the  at  present  accepted  lubricating  appliances 
or  contrivances  will  have  to  be  discarded  from  the  practice  of  the 
machinist  as  largely  if  not  wholly  useless;  or,  should  this  not  be 
their  unfortunate  but  apparently  well-deserved  fate,  greatly  modified 
so  as  to  meet  the  new  conditions  of  the  question.  Hitherto,  as  we 
have  seen,  and  until  altogether  quite  recently,  the  inquiries  made 
by  scientists  as  to  friction  tended  fix)m  their  very  nature  to  direct 
the  attention  of  machinists  chiefly  if  not  wholly  to  the  metals  of 
the  revolving  or  circular-motion  shafts  of  machines;  and  when 
Inbricants  were  used  it  was  more  with  the  view  of  bringing  out,  so 
to  say,  the  best  working  characteristics  of  those  metals,  lessening  the 
rubbing  effects  of  one  upon  the  other.  The  tendency  of  this  scientific 
investigation  was  naturally  to  minimise,  so  to  say,  the  importance 
not  only  of  the  lubricant,  but  of  the  mechanical  appliance  by  which 
it  was  supplied  to  the  revolving  parts.  All  which  seemed  necessary 
to  be  done  was  to  keep  up  a  supply  to  the  lubricator — by  which 
term  we  indicate  the  mechanical  contrivance  used — of  oil,  taking 
this,  the  liquid  form  of  a  lubricant,  as  the  one  generally  used, 
trusting  that  it  would  be  led  to  and  be  taken  up  somehow  by  the 
revolving  parts  of  the  shaft  and  its  b€aring.  It  never  seemed  to 
present  itself  to  the  mind  of  the  machinist  that  the  rubbing  parts 
would  not  take  up  the  oil,  or  that  the  lubricator  would  not  supply 
it ;  or,  if  it  did  so,  that  the  rubbing  parts  would  not  all  be  equally 
supplied ;  or,  if  so,  that  the  effect  of  the  oil  in  reducing  friction 
would  be  different  at  different  parls  of  the  rubbing  surfaces.  A 
somewhat  remarkable  example  of  this  is  to  be  met  with  in  the 
case  of  the  "  needle "  lubricator,  illustrated  in  ^g.  75,  ante.  There 
has,  perhaps,  been  none  of  the  simpler  forms  of  lubricators  which 
have  been  introduced  of  late  years,  so  largely  used  and  so  quickly 
taken  into  public  favour,  as  this  form.  This,  however,  can  be 
readily  explained.  It  was  singularly  free  from  complicated  parts, 
and  was  easily  applied  to  almost  any  form  of  oil  hole ;  and  the  ball 
or  globe  containing  the  oil  being  of  glass  and  transparent,  a  glance 
given  occasionally  to  it  when  in  place  would  inform  the  attendant 
whether  it  was  acting  or  not ;  and,  above  all,  it  was  cheap,  costing 
but  a  few  pence.  And  it  appeared  to  be,  from  its  very  constrdction, 
thoroughly  effective ;  the  oU,  so  one  argued,  being  certain  to  be  led 
down  to  the  bearing  by  the  capillary  attraction  of  the  "  nee^e " 
or  central  pin  so  called.  No  one  dreamed  of  disputing  its  claim  to 
consideration  as  an  effective  lubricator,  any  more  than  its  claim 
as  a  cheap  form ;  yet,  as  soon  as  it  was  put  to  the  crucial  tests  of 
the  Research  Committee  on  Friction  appointed  by  the  Institute  of 
Mechanical  Engineers,  and  of  the  work  of  which  we  have  given  a 
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special  desciipiion  in  the  present  section  of  this  volume,  it  was  found 
to  be  anything  but  an  efficient  and  Irustworthy  lubricator ;  in  some 
instances,  indeed,  it  totally  failed  to  do  its  work.  All  engineers  are 
agreed  on  this,  that  whether  the  lubricant  is  to  be  applied  to  journals 
of  shafts,  or  to  reciprocating  parts  or  pistons  of  steam-engine  cylin- 
ders, the  supply  of  oil  or  lubrication  should  be  constant.  Intermittent 
supplies,  perfect  or  complete  in  quality  at  one  time,  part  only  of 
the  supply  at  another  time,  which  is  bad  enough,  or  a  total  stoppage 
of  the  supply  at  another  time,  are  features  of  a  thoroughly  bad 
lubricator,  which  should  be  imperatively  discarded.  And  the  supply, 
i\  addition  to  being  continuous  during  the  whole  period  of  the 
working  of  the  machine,  should  be  as  abundant  as  the  necessities  of 
the  machine  demand.  In  addition  to  these  requirements  of  a  good 
lubricator,  it  should  itself  show  whether  or  not  it  is  in  operation. 
Great  damage  has  been  done  to  machines  through  ceasing  of  the 
lubricator  to  act,  and  through  its  failing  to  give  any  indication  that 
it  had  so  ceased.  Hence  a  class  of  lubricating  contrivances  has 
been  of  late  years  introduced  under  diflferent  names,  but  all  indicating 
the  fact  that  the  attendant  can  see  at  a  glance  whether  or  not  the 
lubricator  is  working,  passing  absolutely  the  lubricant  to  the  parts 
to  be  lubricated.  From  this  statement  of  what  the  requirements 
of  an  efficient  lubricator  are,  the  youthful  reader  will  perceive  that 
the  reduction  of  the  friction  of  machines  to  a  minimum — in  other 
words,  the  consideration  of  friction  in  a  strictly  scientific,  which 
includes  the  strictly  practical,  otherwise  it  is  not  soundly  scientific, 
way — is  not  to  deal  with  it  as  an  abstract  theory,  or  fancy  more 
or  less  conjectural,  but  to  deal  with  it  as  something  which  concerns 
each  separate  machine  or  part  of  a  machine  itself,  and  no  other. 
Each  machine  has  its  own  conditions  of  design  and  of  working,  which 
do  not  or  may  not  apply  to  any  other  machine.  In  the  same  way 
it  is  true  that  each  lubricant  has  its  own  peculiarities,  which  point 
out  that  it  is  the  best,  but  that  this  best  can  only  be  discovered  by 
treating  it  specially  and  exclusively.  Further,  it  is  also  true  that 
each  machine  has  its  own  constructive  peculiarities,  which  may  make 
the  application  of  the  lubricant  as  certain  as  it  is  easy ;  or  which,  on 
the  otjier  hand,  may  make  it  both  difficult  and  uncertain.  The 
dealing  with  this  most  important  subject  of  friction  will  in  the 
future  altogether  depend  upon  the  fact  whether  this,  the  common- 
sense  thoroughly  practical  way  of  dealing  with  it,  is  widaly,  if  not 
universally,  adopted  by  machinists,  or  whether  it  is  to  be  dealt  with 
in  the  old  way,  as  if  it  were  wholly  abstract  and  theoretical.  And 
taking  this  as  the  correct  view  of  the  whole  question,  it  certainly 
is  matter  of  surprise  that  so  little  attention  has  been  paid  to  the 
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lubricating  agents  used  for  the  reduction  of  friction :  surprise, 
indeed,  all  the  more  pronounced  when  w©  consider  how  long  it  has 
taken  for  the  mechanical  mind  to  comprehend  that  since,  without 
the  use  of  some  lubricant  or  another,  the  rubbing  or  wearing-away 
action  of  parts  moving'  in  contact  was  always  the  more  and  more 
accentuated  the  more  the  supply  of  the  lubricant  was  neglected, 
the  lubricant  itself  must  of  necessity  be  a  direct  agent  in 
reducing  the  deteriorating  effects  on  the  rubbing,  moving  parts  of 
friction ;  and  that,  if  so,  it  was  surely  worth  while — in  fact,  but  a 
common-sense  way  of  looking  at  the  matter — ^to  pay  some  attention 
to  the  character  or  qualities  of  the  lubricating  substances  used, 
seeing  that  it  was  but  a  fair  deduction  from  the  results  of  ex- 
perience in  the  use  of  other  substances  and  materials  with  which 
the  machinist  deals,  that  as  the  lubricants  at  his  service  were  of 
different  kinds  or  classes,  so  there  must  be  one  class  better  suited 
than  another  for  the  minimising  of  the  deleterious  effects  of  friction 
on  the  moving  pjtrts  of  mechanism ;  and  more  than  this,  that  each 
class  or  kind  of  lubricant  would  have  such  different  quaUtles  that 
one  quality  would  be  almost  certain  to  be  of  a  better  friction- 
reducing  quality  than  another.  To  this,  the  general  law  which 
governs  all  materials  and  substances  with  which  man  has  to  deal, 
there  was  nothing  whatever  to  lead  one  to  suppose — ^far  less  to  decide 
positively — that  lubricants  were  the  exception.  And  if  the  experi- 
ments instituted  by  the  Research  Committee  on  Friction  appointed 
by  the  Institution  of  Mechanical  Engineers  had  done  no  other 
service  than  drawing  the  attention  of  practical  men  to  the  important, 
the  essential  part,  which  the  lubricant  plays  in  every  case  of  machine 
working,  its  appointment  was  as  wise  as  from  its  practical  character 
its  work  has  been  of  great  practical  utility.  Under  the  new  view 
shafts  with  their  journals  and  bearings  are  parts  mainly  to  give 
strength  to  support  the  various  parks  of  the  machanism,  and  to 
communicate  the  motion  from  one  part  to  another,  the  lubricating 
agents  employed  being  themselves  the  agents  and  the  only  agents 
used  in  reducing  the  friction,  the  actual  metals  of  journals  and 
bearings  or  bushes  having  in  reality  no  influence  one  upon  another, 
inasmuch  as,  with  lubrication  caiTied  out  on  the  true  lines,  thesa 
metals  are  never  allowed  to  come  into  contact  at  all  with  each  other. 
From  these  considerations,  and  from  others  which  flow  naturally  out 
of  them,  the  youthful  reader  will  perceive  how  it  is  that  in  the 
new  practice  of  the  machinist  the  lubricants  used  by  him  are  lifted 
up  from  a  position  at  the  best  and  for  a  long  time  but  a  secondary 
one  to  one  which  is  simply  the  most  vitally  important  of  any  of  the 
agents  used  in  the  economical  and  effective  communication  of  power, 
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Different  ClaseeB  of  Lubricants— Liquid  and  Solid— Their  General 

Characteristics. 

The  purpose  to  be  served  by  the  use  of  what  are  generally  desig- 
nated as  **  lubricants  "  is  by  some  writers  classed  under  two  heads  : 
first,  to  diminish  or  minimise  the  friction  or  wearing-away  action 
induced  by  the  rubbing  surfaces  of  bodies  moving  along  or  revolving 
one  upon  the  other ;  and  second,  to  prevent  the  heating  created  or 
engendered  by  the  rubbing  of  one  surface  upon  another — ^the  surfaces 
being  made  of  one  or  other  of  the  metals  used  in  the  construction  of 
machines,  generally  iron,  for  which  steel  is  now  in  many  instances 
being  substituted,  for  the  moving  parts — brass  or  gun  metal, 
or  phosphor  or  aluminium  bronze  or  white  metal  for  the  parts  at 
rest,  generally  termed  "bearings"  or  bearing  surfaces,  upon  which 
the  other  parts  move.  But  as  the  heating  of  surfaces  one  of  which 
is  in  moving  contact  with  the  other  is  in  all  cases  created  by  the 
friction  which  subsists  in  a  greater  or  less  degree  between  two  such 
bodies,  it  seems  unnecessary  to  complicate  the  discussion  of  the  subject 
by  any  such  distinction  or  classification  as  named  above,  for  there 
will  be  no  heating  if  there  be  no  friction.  The  classification  we  have 
named  has  probably  had  its  origin  in  the  fact  that — as,  for  example, 
in  the  case  of  axles  of  railway  trucks  or  carriages— some  moving 
bodies  begin  to  heat  or  rise  in  temperature  before  the  rubbing  down 
or  wearing  away  sets  in,  which  is  distinctly  visible,  and  which  wearing 
away  is  what  is  looked  upon  as  the  efl:ect  of  friction,  and  is  generally 
so  designated.  But  if  the  friction  or  rubbing  action  were  continued 
long  enough,  the  rubbing  down  or  wearing  of  the  parts  would  soon 
become  appreciable.  Prevent  friction,  and  you  prevent  heating; 
although  the  converse  is  just  as  true — ^prevent  heating,  and  you 
prevent  friction.  In  any  case,  heating  and  friction  are  only  two 
conditions  of  the  same  thing ;  although  the  classification  we  have 
given  is  maintained,  not  from  its  positive  accuracy  or  precision  of 
•  definition,  but  simply  because  the  class  of  lubricant — the  solid,  such  as 
grease  or  tallow — is  always  used  to  prevent  "heating";  the  other 
class,  one  or  other  of  the  liquid  forms,  for  the  prevention  of  friction 
or  the  rubbing  away  of  moving  paii».  Stated  in  the  simplest 
fashion,  lubricants  are  certain  substances  used  for  the  prevention, 
or  rather  the  reducing  or  minimising,  of  friction ;  for  friction  cannot 
be  wholly  prevented — even  if  we  could  it  would  be  unwise  to  prevent 
it — as  friction,  like  all  other  conditions  of  matter,  serves  many  and 
very  important  purposes.  For  without  friction  we  could  not  work 
our  machines,  could  not  indeed  construct  them;  it  is  only  friction 
in  excess  which  we  wish  to  minimise  or  get  rid  of :  the  excess  being 
prevented,  the  balance  remaining  is  a  useful  agent.      Lubricants 


THE   TECHNICAL   STUDENT'S   INTRODUCTION  TO  MECHANICS.    379 

may  therefore  be  defined  as  the  •  agents  used  to  deal  with  and  get 
lid  of  the  excess  of  friction  created  by  the  working  of  machines. 
Lubricants  are  divided  into  two  great  classes  :  first,  the  liquids,  such 
as  the  oils ;  and  second,  the  solids,  i.e.,  the  fats  or  greases.  Under  the 
first  class,  the  liquids,  come  the  vegetable,  the  animal,  and  the  mineral 
oils.  Although  it  is  not  an  oil,  still,  as  it  is  a  liquid,  in  this  class 
water  is  placed ;  which,  although  it  is  in  no  sense  an  oily  liquid  or 
a  greasy  substance,  forms  an  excellent  lubricant.  Strange  as  this 
may  appear  to  some  of  our  youthful  readers,  its  truth  is  exemplified 
frequently  in  practical  mechanism,  for  all  parts  of  machines  working 
under  water  require  no  other  or  special  lubricant.  And  here  it  is 
right  to  draw  the  attention  of  the  reader  to  another  fluid  lubricant, 
but  a  fluid  aeriform  or  gaseous,  not  liquid.  This  is  steam,  the  vapour 
or  gas  of  water  (see  the  volume  in  this  series  which  takes  up  the 
subject  of  the  Steam  Engine).  At  one  time  it  was  the  almost 
universally  held  opinion  of  engineers  that  the  pistons — or,  as  the 
phrase  went,  the  cylinders — of  steam  engines  required  no  special 
lubrication ;  ithat  friction  was  minimised  in  the  reciprocating  to-and- 
fro  rubbing  action  and  motion  of  the  piston  within  the  cylinder  by 
the  presence  of  the  very  steam  itself  admitted  to  its  interior  and 
acting  alternately  upon  the  surface  of  the  piston,  and  by  its  pressure 
producing  its  motion.  Penetrating  as  water  is  known  to  be  in  its 
action  on  rubbing  surfaces  in  mechanism,  steam  being  an  aeriform 
or  gaseous  fluid,  is  more  penetrating  still  in  its  qualities;  and 
being  the  gas  or  vapour  of  vater,  as  water  was  kiaown  to  be  a 
good  lubricant  when  the  moving  parts  were  floating,  so  to  say,  in 
a  film  or  bath  of  it,  the  conclusion  seemed  a  just  and  sound  one, 
that  steam  would  be  equally  efficacious  in  reducing,  if  not  in  mini- 
mising, friction.  But  one  point  was  overlooked  here,  as  it  is  in  so 
many  cases  overlooked — ^that  the  conditions  are  different.  Although 
it  is  true  that  steam  is  the  vapour  or  gas  of  water,  still  it  is  not 
water  in  its  normal  condition ;  cannot  be,  and  is  not,  till  the  vapour 
is  condensed.  And  although  the  reduction  of  friction  is  a  point 
earnestly  to  be  gained,  it  may  be  gained  by  a  loss :  gold  even  may 
be  bought  too  dear — as  it  assuredly  would  be  in  this  case.  For 
condensation  in  the  interior  of  the  steam-engine  cylinder  is  the  very 
last  thing  desired  by  the  engineer,  and  is  indeed  the  one  great  evil 
with  which  he  has  to  contend.  It  is  indeed  more  than  shrewdly 
suspected  that  this  same  cylinder  condensation  is  the  (at  present) 
occult  or  hidden  cause  of  all  the  perplexing  puzzles  which  meet  the 
intelligent  and  observant  engineer  who  is  concerned  in  the  economical 
working  of  the  steam  engine.  And  in  place  of  having  wet  or  moist 
steam — that  is,  "primed" — which  is  the  horror,  so  to  say,  of  the 
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clever  eDgineer,  his  great  aim,  at  which  he  is  always  striving,  is  to 
have  dry,  hot  steam  in  the  cylinder,  and  to  keep  it  so  as  long  as  it 
has  a  duty  to  do  in  pressing  upon  the  piston.  If  lubrication  of  this 
member  of  the  wondrous  mechanism—  and  it  is  neither  more  nor  less 
than  this — be  necessary  (and  it  is  essentially  so),  engineers  must  look 
for  its  realisation  from  some  source  or  another  quite  and  altogether 
independent  of  the  steam  which  is  admitted  to  the  cylinder;  the 
duty  of  that,  its  special  and  all-important  duty,  is  to  work  the 
piston,  not  to  lubricate  it.  Hence  it  is  now  conceded  that  special 
lubrication  of  the  piston  is  essential,  and  this  has  given  rise  to  the 
investigation  of  oils  (or  of  an  oil)  specially  well  adapted  to  the  purpose, 
which,  following  the  false  or  misleading  phraseology  already  noticed, 
have  come  to  be  classed  in  the  lists  of  lubricating  agents  as  * 'cylinder 
oils,"  although  the  absolutely  correct  term  would  be  "  piston  oils." 
Upon  this  class  of  lubricating  agents  we  have  somewhat  more  to 
say  in  its  appropriate  place. 

Different  Classes  of  Lubricating  Agents  (eontinued). 

The  liquid  or  fluid  lubricants  generally  are  either  vegetable, 
animal,  or  mineral  in  their  origin.  Many  vegetables,  or  rather  the 
seeds  of  them,  are  rich  in  oils  or  fats ;  of  these  the  most  notable  are 
the  linseed — or  flax-plant  seed — ^rape,  and  the  colza.  Oils  of  a  fine 
quality  are  obtained,  but  chiefly  for  culinary  purposes,  from  the 
olive  and  the  walnut,  although  these  oils  are  frequently  used  for 
small  mechanisms.  The  animal  oils  are  neatsfoot  and  whale  oils — the 
common  and  the  sperm  whale  oil  are  classed  as  animal  oils — sperm 
oil  at  one  time,  before  the  introduction  of  the  mineral  oils  presently 
to  be  noticed,  held  the  highest  place  as  a  lubricating  oil  for  the 
machinery  of  large  factories.  A  very  superior  fish  oil,  as  fluid  and 
as  clear  as  water,  is  made  in  America,  and  is  used  almost  exclusively 
for  a  watch  and  timepiece  oil;  it  fetches  a  high  price.  In  the 
vegetable  and  animal  oils  the  point  to  be  noted  is  their  fluidity,  all 
viscosity,  or  the  toughness  which  comes  more  or  less  to  all  oils  when 
exposed  to  the  atmosphere,  being  decidedly  antagonistic  to  the  quality 
of  a  good  lubricating  oil — some  oils  becoming  so  viscous  that  they 
are  promotive  of  frictional  drag,  which  is  highly  prejudicial.  Linseed 
oil,  which  in  fact  is  used  universally  as  a  drying  oil,  from  this  very 
readiness  to  thicken  on  exposure  to  air,  is  the  worst  offender  in  this 
quality  of  viscosity  so  prejudicial  to  a  lubricant.  Tested,  and  taking 
pure  water  as  the  standard,  the  relative  fluidity  of  various  oils  can 
be  ascertained.  Thus,  in  one  experiment,  while  a  quantity  of  water 
at  62°  Fahr.  of  temperature  flowed  completely  out  of  the  tube  in 
9   seconds,  (v  like  quantity    of    oliv^    oil  took   as  many  as    199 
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seconds,  of  colza  oil  142  seconds,  and  of  linseed  oil  88  seconds.  But 
it  is  not  alone  the  fluidity  of  an  oil  which  determines  its  value  as  an 
anti-friction  lubricant :  the  length  of  time  during  which  the  oil 
retains  its  fluidity  is  another  important  point  to  be  ascertained. 
Thus,  one  oil  may  be  much  more  viscous  than  another — as,  for 
example,  colza  more  than  linseed  oil ;  yet  linseed  oil  is  very  readily 
and  rapidly  acted  upon  by  the  atmosphere,  and  becomes  so  thick 
and  viscid  that  it  is  practically  useless  as  a  lubricant.  The  student 
will  not  fail  to  observe  how  the  different  oils  vary  in  viscidity,  and 
not  only  in  the  extent  to  which  viscidity  is  carried,  but  in  the  rapidity 
with  which  the  oil  becomes  viscid.  This  viscidity,  it  is  scarcely 
necessary  to  say,  is  a  characteristic  wholly  antagonistic  to  the  good 
quality  of  a  lubricant.  Of  the  oils,  mineral  and  vegetable,  neats- 
foot  oil  retains  its  fluidity  longest — that  is,  is  less  viscid  than 
others.  A  freedom  from  viscidity  of  an  oil  will  depend  very  much, 
if  not  in  practice  wholly,  upon  its  freedom  from  impurities.  Those 
owe  their  origin  to  various  causes — some  natural,  others  arti- 
ficial— that  is,  they  are  purposely  adulterated  with  deteriorating 
substances.  Cheap  oils  cannot  possibly  be  good,  and  they  are  cheap 
only  in  name.  Practically,  the  dearest  oils  are  in  the  end  the  cheapest, 
and  it  is  only  good  houses  who  supply  them.  The  influence  of  purity 
upon  the  lubricating  quality  of  an  oil  can  be  easily  understood  on 
slight  consideration;  but,  by  way  of  example,  the  case  of  colza,  a 
vegetable  oil,  may  be  cited  here.  We  have  seen  that  in  its  ordinary 
condition — that  is,  not  specially  purified — ^its  fluidity  is  sixteen  times 
less,  or  its  viscidity  sixteen  times  greater,  than  that  of  water ;  yet, 
when  purified  to  the  fullest  extent  possible,  it  forms  one  of  the  best 
oils  which  can  be  used  for  general  machinery — such  as  textile. 
Possibly  it  is  the  best  of  all  the  oils. 

But  there  is  still  another  point  which  must  not  be  overlooked  in 
testing  and  in  deciding  upon  the  kind  and  quality  of  the  oil  to  be 
used  as  a  lubricant,  and  this  is  its  freedom  from  acidity.  Most  of 
the  oils  in  use  have  this  unfortunate  characteristic,  and  this  because 
they  attack  the  metals  with  which  they  come  in  contact  with  their 
corrosive  power.  This  acidifying  action  varies  with  the  different 
oils,  and  is  largely  dependent  upon  their  purity.  Colza,  for  example, 
in  its  ordinary  or  unpurified  condition,  has  a  tendency  to  become 
quickly  rancid,  and  in  this  condition  its  corrosive  power  is  strongly 
developed.  It  is  a  comparatively  easy  thing  to  teso  the  acidifjdng 
or  corrosive  power  of  an  oil,  this  being  done  by  allowing  a  few  drops 
of  it  to  fall  and  rest  upon  a  clean-surfaced  plate  of  brass.  The 
comparative  freedom  of  oils  from  the  power  to  acidify  and  corrode 
metals  may  be  decided  by  noticing  the  length  of  time  each  oil  takes 
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to  change  its  colour — that  is,  become  of  the  greenish  hue  due  to  the 
oU  acting  upon  and  corroding  the  copper  present  in  the  brass.  Of 
the  lubricants  of  this  class  we  should,  before  closing  our  remarks 
respecting  them,  state  that  for  lubricating  purposes  castor  oil  is 
much  used,  especially  for  cylinder  or  rather  piston  lubrication ;  and 
it  is  the  custom  of  some  engineers  to  use  this  in  conjunction  with 
other  lubricants  of  the  same  class,  such  as  tallow  or  suet.  The  mixing 
or  combination  of  lubricating  substances  is  indeed  a  common  enough 
practice.  Of  the  solid  lubricating  substances,  such  as  tallow,  suet, 
fresh  lard,  soap,  plumbago,  powdered  graphite,  and  a  number  of 
lubricants  of  a  compound  character,  such  ad  fat,  resin,  and  soda, 
and  of  which  numerous  varieties  are  in  the  market,  little  need  be 
said. 

Mineral  Lubricants. 
We  now  come  to  a  most  important  department — ^the  lubricants 
mineral  in  their  origin.  It  is  from  the  petroleum  wells  of  America 
that  the  great  supply  of  mineral  oils  is  derived,  although  the 
comparatively  recent  discoveries  of  vast  accumulations  of  petroleum 
in  Southern  Kussia  promise  a  still  more  extended  trade  in  petroleum 
products.  The  natural  or  mineral  oils  have  this  distinguishing 
characteristic,  as  compared  with  the  animal  and  vegetable  oils — 
namely,  their  absolute  freedom  from  acidity,  or  all  tendency  to 
become  rancid  and  acidified,  and  this  under  all  temperatures  and 
pressures  to  which  they  may  be  subjected.  To  this  characteristic 
may  be  added  another,  which  in  one  sense  flows  from  the  first-named 
characteristic,  and  this  is  the  freedom  of  all  mineral  oils  from  a 
tendency  to  change  their  characteristics  by  a  thorough  exposure  to 
the  atmosphere  or  ordinary  air;  in  other  words,  the  mineral  oils 
are  not  oxidised  if  freely  exposed.  These  characteristics  are  so 
valuable  that,  even  if  they  possessed  much  less  lubricating  or 
friction- preventing  qualities  than  they  do,  they  would  still  rank 
high  as  lubricating  agents.  But  it  must  also  be  stated  that  they 
are  per  se  good  lubricators  when  used  alone  for  certain  classes  of 
machinery ;  and  under  other  circumstances,  where  they  are  somewhat 
deficient  in  lubricating  value,  the  addition  of  a  pure  animal — say 
spermaceti  or  neatsfoot  oil,  or  a  pure  vegetable  (say  colza)  oil,  or 
fatty  greasy  material,  brings  them  up  to  the  rank  of  high-class 
efficient  lubricators.  In  all  such  mixtures  it  is  obvious  that  only 
the  purest  animal  or  vegetable  oils  or  fats  are  to  be  used. 

Typical  Lubricating  Appliances. 
As  we  have  already  said,  the  forms  of  lubricators,  as  the  appli- 
ances for  conveying  oil  and  greasy  substances  to  the  parts  of  machines 
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wl'ich  move  in  contact  with  each  other  are  generally  designated,  is 
very  great ;  they  may  indeed  be  said  to  be  as  "  legion."  It  would 
therefore  be  obviously  impossible  to  give,  even  in  an  extended  space, 
a  notice  of  a  tithe  of  them ;  but  in  the  pi*esent  volume — the  space  of 
which,  on  the  contrary,  is  limited  in  the  extreme— -we  can  only  give 
one  or  two  forms  as  typical  of  the  general  class  of  lubricators  for 
machinery.  The  simplest  lubricating  contrivance,  and  one  largely 
met  with,  but  chiefly  in  small  mechanisms,  is  illustrated  in  fig.  74, 
cintej  as  applied  to  a  plummer  block  or  pedestal  or  standard,  in  which 
a  shaft  lying  horizontally  revolves  (see  the  volume  in  this  series 
entitled  "  The  General  Machinist  '^  for  a  description  of  the  various 
points  of  machines).  To  give  the  lubricating  arrangement  a  more 
ornamental  appearance,  the  oil  receptacle  or  oil  cup  takes  the  form 
of  a  small  vase,  or  a  vessel  shaped  as  at  a  a  in  £ig.  78,  antey  provided 
with  a  movable  lid  or  cup.  This  holds  a  n^uch  larger  supply  than 
can  be  taken  up  by  the  countersunk  hole  e  or  cup-like  hollow  f  in 
fig.  74,  .ante.  But  in  both  of  those  forms  of  lubricating  appliances 
there  is  obviously  no  reHance  to  be  placed  on  them  as  to  the  way  in 
which  the  oil  is  to  be  distributed,  over  the  wearing  siu-face  of  journal  a 
of  shaft.  There  may  either  be  too  much  or  too  little  given ;  and 
the  only  way  of  knowing  that  it  is  given  at  all  is  to  see  if  the 
hollow  /  in  fig.  74,  or  the  cup  a  in  hg,  78,  ante,  is  emptied.  But 
how  it  is  emptied — whether  it  is  supplied  continuously  to  the  journal 
or  only  at  intei  vals,  or  whether  it  is  distributed  to  one  part  only  of 
the  journal  or  over  the  whole  of  its  surface — there  is  no  means  of 
knowing.  The  only  way  to  know  whether  it  is  working  is  to  see 
whether  the  cup  or  hole  gets  empty.  If  it  does  not,  it  may  be 
assumed  that  some  obstruction  in  the  hole  f  or  g  prevents  the  descent 
of  the  oil  from  cup  e,  ^g,  74,  ante.  But  even  when  the  hole  is  quite 
free  from  obstruction,  it  is  by  no  means  so  certain  that  the  oil  is 
being  taken  up  by  the  journal  as  it  descends  the  hole  and  uniformly 
distributed  over  its  surface,  or  forms  an  oil  bath  at  the  lower 
diameter,  as  we  have  seen  in  connection  with  the  experiments  of 
the  Research  Committee  on  Friction,  which  we  have  already 
summarised.  The  simple  methods  of  lubrication  illustrated  in 
la.g.  74,  oAfite,  were,  at  an  early  period  in  modern  mechanism,  found 
to  be  deficient  and  uncertain  in  their  action,  and  for  the  most  part 
rarely  gave  anything  like  uniform  distribution  over  the  surface  of 
journals  best  suited  to  reduce  friction.  Amongst  the  earUest  methods 
to  insure  regular  distribution  and  continuous,  not  at  intervals 
uncertain  as  regards  time,  was  the  method  illustrated  in  ^g,  78, 
ante.  Externally  this  assumes  the  appearance  as  in  the  figure,  or  it 
may  have  that  of  an  ornamental  vase  with  its  cup  and  base.    TluougU 
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the  centre  of  this  a  tube  b  h  passes,  terminating  at  its  upper  part  d 
with  an  open  orifice.  In  the  interior  of  this  tube  a  soft  fibrous 
substance,  as  wool  or  cotton,  c,  is  passed  down  threadlike,  and  also 
through  the  cup  of  the  pedestal  ee,  terminating  at  the  point  at 
which  the  journal  a,  ^g,  74,  ante^  of  shaft  is  met  with.  The  upper 
end  of  the  fibrous  cord  is  bent  over  the  upper  part,  as  at  c  of  tube  h  6, 
and  carried  down  as  at  g,  till  it  nearly  touches  the  bottom  of  oil 
cup  a  a.  In  virtue  of  the  principle  of  capillary  attraction,  the  thread, 
or  wick  as  it  may  be  termed,  gets  saturated  with  oil  throughout, 
and  delivers  continuously  a  stream  of  oil  to  the  shaft  ff^  with  the 
surface  of  which  the  lower  end  of  the  wick  oomes  in  contact.  This 
method  continued  for  a  long  time  to  be  considered  the  best  by  which  a 
continuous  supply  of  oil  was  led  regularly  to  the  surface  of  shaft, 
and  is  still  common  along  with  the  methods  illustrated  in  ^g,  74, 
ante,  in  use.  The  same  principle  of  leading  down  the  oil  in  minute 
but  continuous  portions  to  the  shaft  was  carried  out  on  a  much 
more  simple  method  in  the  needle  lubricator  already  noticed  (see 
^g,  75,  ante).  In  this  simple  lubricator  the  oil  is  led  continuously ; 
and  as  the  cup  or  ball  is  transparent  it  can  be  seen  at  a  glance 
whether  it  is  in  operation.  This  lubricator  has  had  a  high  repu- 
tation, and  it  may  be  questioned  whether  any  one  of  the  many  other 
forms  in  use  has  had  an  equally  extended  and  long  reputation, 
although  much  of  this  arose  doubtless  from  its  extreme  cheapness 
as  compared  with  others.  Still  we  have  seen,  as  the  result  of  the 
experiments  of  the  Research  Committee  on  friction  of  journals,  that 
in  many  cases  this  lubricator  not  only  acts  generally  indifferently ; 
in  many  others  it  does  not  act  at  all.  The  question  of  the 
friction  of  revolving  journals  becoming  of  greater,  not  of  less, 
importance,  new  forms  of  lubricators  are  being  constantly  introduced 
to  the  notice  of  users  of  machinery.  We  can  only  illustrate  a  typical 
form  of  the  new  lubricators  adapted  for  cylinder  lubrication,  in 
which  the  oil  entering  the  cylinder  and  dropping  upon  the  piston 
has  to  overcome  the  pressure  of  the  steam  present  within  the  cylinder 
working  the  piston.  This  is  known  as  "  Craig's  Automatic  Lubri- 
cator." The  oil  is  pressed  into  the  cylinder  by  a  succession  of 
"dropp,"  and  part  of  the  principle  on  which  lubricators  of  this 
class  are  based  is  that  the  "  drops,"  as  they  descend  or  pass  from  the 
oil  reservoir,  are  made  visible  to  the  eye.  Part  of  the  oil  reservoir  is 
shown  at  a  a  a,  ^g»  75,  ante,  the  lower  part  being  narrowed  to  a  neck  or 
tube,  which  is  provided  with  a  tap,  which  we  designate  as  the  "  lower 
tap,"  the  use  of  which  will  be  presently  described.  Steam  from  the 
steam  supply  pipe  of  the  steam  engine  is  led  through  the  inlet  pipe  b 
to  the  lubricator.     It  passes  up  by  the  tube  cc,  and  is  led  to  the 
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interior  of  the  condensing  chamber  dd.  In  this  it  is  condensed,  and 
in  the  form  of  water  it  is  passed  by  a  channel  not  shown  in  the 
diagram  down  to  the  oU  reservoir  a  a,  this  being  filled  when  desired 
by  the  feed  oup  e,  regulated  by  the  hand  lever  and  tap/  The 
channel  leading  the  condensed  water  from  the  condenfdng  chamber  d  d 
is  provided  wi^  a  regulating  valve,  the  projection  of  the  seat  of  this 


Fig.  80. 

\elve  presenting  a  highly-polished  surface.  Thia  bright  surface  is 
visible  through  a  glass  disc  placed  in  a  porthole  made  in  the  body  of 
the  lubricator,  precisely  in  front  of  it  As  each  drop  issues  from  tho 
valve  it  may,  if  wished,  be  seen  by  looking  through  the  glass,  each 
drop  being  reflected  from  the  highly  polished  surface.  Immediately 
below  the  steam  inlet  6  a  small  chamber  g  is  placed,  which  is  provided 
with  a  partition  h,  extending  nearly  to  the  top.  This,  it  will  be 
Eeen,  forms  a  small  water-trap,  the  water  collecting  in  which  prevents 

26 
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the  uteam  from  inlet  h  passing  into  the  oil  reeervoir  no.  The  front 
surface  of  the  partition  h  is  highly  polished,  to  form  a  reflecting 
surface,  which  is  made  visible  through  a  porthole  made  in  the  side 
of  the  lubricator  opposite  to  it.  This  porthole  is  fitted  with  a  glaaa 
disc  plate.  There  is  a  communication  between  the  water-trap 
chamber  g  and  the  oil  reeervoir  a  a  by  a  pipe,  the  opening  to  which 
is  shown  at  it.  As  the  water  passes  from  the  chamber  ff  to  the  oil 
reservoir  a  a,  the  oil  displaced  drop  by  drop  from  the  oil  reservoir 
passes  up  through  the  pipe  k,  through  the  water  collected  in  tho 
water-trap  chamber  g,  passing,  as  it  goes,  in  front  of  the  polished 
surface  of  the  partition  h,  and  is  seen  through  the  glass  disc  in  front 


of  it,  and  then  passing  over  the  partition  h  gains  access  to  the  steam 
pipe  leading  to  the  steam-engine  cylinder.  By  this  arrangement  the 
oil  is  seen  through  the  glass  disc  entering  at  the  cylinder  as  easily 
and  as  qiiickly  as  the  drop  of  descending  water  seen  through  the 
glass  disc  of  the  other  porthole  as  above  described.  We  have  said 
that  grease  or  tallow,  or  some  one  or  other  of  the  solid  although 
soft  substances  used  for  lubricating,  are  used  to  prevent  heating  in 
journals  or  asles  of  shafts.  The  grease  is  placed  in  a  cup  or  receptacle 
covered  with  a  hinged  lid,  the  grease  pressing  up  against  the  surface 
of  the  journal  or  shaft ;  and  as  the  latter  becomes  heated  through 
forced  or  too  quick  driving,  it  melts  the  greape  and  keeps  the  journal 
from  over-heating.     When  the  grease  or  Solid  lubricator  is  used  for 
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cylinder  or  piston  lubrication,  special  arrangements  require  to  be 
made  to  meet  the  pressure  of  the  steam  in  the' cylinder  and  prevent 
the  grease  being  blown  out  of  the  lubricator.  Fig.  81  illustrates  a 
lubricator  which  may  be  taken  as  typical  of  the  class.  In  this  the 
grease  or  tallow  is  placed  in  the  receptacle  or  chamber  a  a,  and  a 
conical  plug  tube,  bb  cc,  passes  up  through  its  centre,  being  screwed 
at  the  larger  end  b  b  into  the  cylinder  cover.  This  plug  carries  ports 
or  passages  d  and  e,  with  corresponding  passages  in  the  tallow 
chamber.  When  these  ports  are  placed  in  a  certain  position  in 
relation  to  each  other — and  this  by  turning  round  the  vessel  or 
receptacle  a  a,  which  moves  round  the  conical  plug  c  c2  as  a  centre — 
there  is  a  passage  leading  tallow  or  grease  to  be  pressed  from  the 
cupy*  to  the  interior  of  the  receptacle  a  a ;  the  steam  from  the  cylinder 
passing  up  the  channel  ^A  in  the  plug  be  being  prevented  from 
passing  into  the  receptacle  a  a  by  the  part  at  h  acting  as  a  stop  to 
exit  at  that  point.  But  by  turning  the  chamber  a  a  in  another 
direction  the  relation  of  the  ports  or  passages  in  conical  plug  b  c  and 
the  chamber  is  changed,  the  steam  now  passing  up  pipe  or  passage  g 
being  free  to  enter  at  A,  so  as  to  press  on  the  upper  surface  of  the 
tallow  in  receptacle  a  a  and  press  it  into  the  cylinder.  The  necessary 
positions  of  receptacle  a  a  are  regulated  by  the  segments  of  cover 
and  stop  stud  J. 

Metallic  Alloys  used  for  Shaft  Bearings. 

In  describing  in  preceding  paragraphs  the  various  methods  adopted 
by  the  machinist  to  reduce  the  friction  of  the  moving  parts  of  his 
machines,  and  thereby  in  proportion  lessen  the  «  wear  and  tear  "  of 
the  parts,  we  pointed  out  that  of  employing  two  different  kinds  of 
metals ;  inasmuch  as  in  practice  it  was  found  that  generally,  when 
two  metals  of  the  same  kind  were  used  for  the  two  rubbing  or 
working  surfaces,  there  was  a  much  higher  amount  of  friction 
created  than  when  one  part  was  made  of  one  metal,  the  other  of 
another  and  a  totally  different  kind  of  metal.  This  is  exemplified 
in  the  method  of  forming  the  journals  or  revolving  parts  of  shafts 
and  spindles.  These  have  to  be  supported  or  carried  when  working 
by  what  are  called  "  pedestals,"  "  standards,"  or  "  plummer  blocks  " 
for  horizontally  running  shafts ;  "  steps  "  for  those  running  vertically ; 
special  forms  of  supporters  or  carriers  being  used  for  special  cii'cum- 
stances,  such  as  "  hangers,"  "  brackets,"  and  the  like  (see  "  The 
General  Machinist "  in  this  series  for  illustrations  of  these).  Those 
shaft  carriers,  such  as  pedestals,  are  provided  with  what  are  called 
"  bushes  "  or  "  brasses  "  or  "  bearings,"  the  interior  parts  of  which 
are  semicircular  in  form.     These  embrace  the  shaft  *' journal/'  a  part 
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immediately  carried  or  supported  by  the  pedestal  bushes,  and  which 
is  turned  down  to  the  diameter  required  (see  "The  General  Machinist" 
for  detailed  description).  While  shafts  are  now  almost  universally 
made  of  wrought  iron — cast  iron  being  almost  wholly  disused — 
although  the  mild  steel  is  also  now  being  widely  introduced  into 
practice,  in  place  of  having  the  bushes  of  iron  also,  in  accordance 
with  the  principle  above  named  they  are  made  of  a  different  metal. 
This  metal,  at  one  period  in  the  practice  of  the  machinist,  was 
almost  always  brass,  or  an  alloy  of  zinc  and  brass,  for  the  cheaper 
classes  of  work.  "  Gun  metal "  was  then  introduced  for  the  higher 
classes  of  bushes.  But  of  late  years  inventors  have  been  directing 
their  attention  to  the  discovery  of  certain  alloys,  the  object  being 
to  find  a  metal  which,  used  for  the  bushes  of  iron  or  steel  shaft 
journals,  would  greatly  reduce  the  friction  between  the  moving  parts. 
The  first,  and  at  one  time  greatly  celebrated  and  widely  used,  of 
these  alloys  was  that  so  well  known  as  Babbet*s  white  or  anti- 
friction metal,  so  called  from  the  name  of  the  discoverer.  Following 
upon  this  came  other  alloys.  Of  these  the  best  known  are  "phosphor 
bronze,"  "aluminium  bronze,"  and,  latest  of  all,  "Magnolia"  or  anti- 
friction metal.  Lack  of  space  precludes  the  possibility  of  our  de- 
scribing those  alloys,  even  in  the  briefest  of  fashions.  Of  the  two 
fii'st-named,  the  principal  elements  in  the  alloys  are  somewhat 
indicated  or  suggested  by  their  very  names ;  the  composition  of  the 
last,  the  Magnolia  metal,  is  not  generally  known  to  those  who  are 
not  acquainted  with  the  literature  of  patent  specifications.  There  is 
now  a  large  use  of  these  and  other  kinds  of  anti-friction  metals. 
The  young  reader  will,  however,  draw  his  own  conclusions  as  to 
whether  their  use  is  likely  still  further  to  extend,  if  the  views  we 
have  described  as  to  what  lubrication  really  is  are  maintained  and 
corroborated  by  wide  and  extended  experience. 


Heat  and  its  General  Phenomena. 

The  mechanic,  using  the  term  in  its  widest  acceptation,  is  one 
whose  work  is  dependent  upon  the  natural  laws  which  affect  what 
is  known  by  the  name  of  "  matter."  He  calls  to  his  aid  the  various 
manifestations  of  those  laws,  although  he  knows  nothing  whatever 
of  what  the  "  somethings "  are  which  are  said  to  be  under  the 
governance  and  direction  of  those  laws.  All  he  knows — and  this  he 
has  learned  by  a  train  of  observations  and  investigations  carried 
on  by  a  long  series  of  successive  generations — are  those  same  mani- 
festations, what  they  do,  and  how  they  can  be  controlled  and  made 
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subservient  more  or  less  to  the  various  kinds  of  work  which  man 
has  to  do  in  actual  life.  But,  as  before  said,  he  knows  nothing 
as  to  how  those  laws  were  brought  into  existence  and  maintained, 
save  that  they  form  part  of  the  beneficent  designs  of  an  all-wise 
Creator.  Those  "  somethings,"  which  are  under  the  guidance  and 
governance  ef  those  laws,  are  known  to  the  mechanic  by  the  names 
of  "  attraction,"  or  "  attraction  of  gravitation,"  and  "  repulsion." 
The  manifestations — the  general  phenomena  of  these  two  agents, 
so  to  call  them — in  the  work  of  the  material  universe  have  been 
already  pretty  fully  explained  in  the  earlier  parts  of  this  present 
volume.  All  the  phenomena,  without  a  single  exception,  which  are 
found  existing  around  -us  everywhere  in  this  world  of  ours  are 
regulated  and  controlled  by  those,  the  two  great  laws  of  nature 
— and  they  are  the  only  two  we  know  of — of  "attraction"  and 
"  repulsion." 

Of  the  last-named  of  these,  heat  is  the  agent  or  creating  cause 
of  all  the  phenomena  coming  within  the  range  of  this  great  law. 
But  as  of  attraction,  so  also  of  heat — what  it  is,  how  created, 
how  maintained — all  we  know  is  that  we  know  nothing:  all  we 
do  know  is  their  manifestations,  what  they  do.  And  it  has  been 
by  long  and  patient  observation  and  experimenting  that  the  mechanic 
or  physicist,  as  he  may  otherwise  be  called,  has  found  out  how  heat 
can  be  made  to  minister  to  his  convenience  and  to  help  him  in  his 
work.  And  in  this,  the  practical  direction,  he  is  learning  every 
day,  daily  adding  to  his  stores  of  knowledge,  and  in  like  proportion 
increasing  the  number  of  his  agents,  by  which  wider  and  better 
work  is  done. 

At  no  time  in  the  history  of  man  has  there  been  a  period  so 
distinguished  as  that  in  which  the  present  generation  has  lived,  for 
what  may  be  called  his  victories  over  that  which,  for  lack  of  a  better 
or  more  precise  and  definite  term,  we  call  matter.  Not  only  have 
his  discoveries  been  brilliant,  looking  upon  them  as  mere  exercises  of 
his  intellectual  faculties,  but  that  which  distinguishes  them  from  the 
mental  or  intellectual  feats,  so  to  call  them,  of  the  scientific  men — 
the  philosophers  of  former  and  earlier  times — is  this,  that  while 
they  were  content  with  their  hypotheses  or  theories  simply  as  such 
as  evidences  of  their  intellectual  or  mental  ability,  the  scientific 
investigation,  the  evolution  of  theories  of  the  present  day,  have  nearly 
all  led  up  to,  or  have  been  followed  up  by,  such  practical  applications 
to  the  every-day  work  of  man,  either  as  vastly  improving  processes 
which,  having  been  carried  on  for  a  long  time — in  some  instances  from 
time  immemorial — may  be  called  old,  or  in  creating  branches  of  indus- 
trial work,  adding  to  our  national  wealth,  which  are  altogether  new. 
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Space  does  not  permit  us  to  give  examples  of  this  truth — examples 
so  numerous  and  so  striking  that  many  pages  could  very  beneEcially 
be  devoted  to  theii*  enumeration ;  but  the  reader,  if  observant  and 
intelligent  and  fairly  au  courarU  with  the  facts  of  modern  scientific 
history,  will  have  no  difficulty  in  filling  up  the  space  with  examples 
culled  from  the  practice  of  to-day.  We  can  only  find  room  to  refer 
to  one  example,  and  that,  moreover,  closely  appropriate  to  our  present 
subject.  "When  Joule,  the  celebrated  savant  of  Manchester,  after  a 
long  period  of  close  observation,  inductive  reasoning,  and  pains- 
taking, elaborate,  experimental  investigations,  announced  the 
important  law,  explained  here  in  the  briefest  of  terms,  that  ^^  heat 
and  mechanical  energy  are  mutually  convertible " — or,  to  put  it  in 
more  popular  phrase,  work  is  heat  and  heat  is  work— he  might 
have  here  rested  satisfied.  But  he,  and  others  who  followed  him 
in  his  investigations,  turned  the  discovery  or  the  theory  to  some 
practical  account,  so  that  it  may  be  said  to  have  revolutionised  the 
whole  domain  of  what  may,  for  the  sake  of  brevity,  be  here  called 
the  science  of  work  or  of  mechanical  or  physical  energy  applied  to 
the  doing  of  useful  work.  But  while  the  victories  of  man  over 
matter  have  been  so  brilliant  and  so  pre-eminently  useful,  because 
applied  with  singular  ingenuity  and  ability  to  the  varied  forms  of 
every-day  work,  there  has  been  with  many  a  tendency  to  consider 
man  as  everything — the  be-all  and  end-all  of  existence — and,  not 
content  with  being  endowed  with  high  gifts  from  the  Highest  Source, 
they  have  been  tempted  not  seldom  to  almost  deify  themselves. 
But  to  a  rightly-constituted  and  well-balanced  mind  there  is  enough 
in  the  evidence  to  be  met  with  around  us  everywhere  and  always 
to  show  our  dependence  upon  an  all-wise  Creator — enough  also  to 
humble  us  and  to  restrain  us  from  those  daring  assumptions  which 
some  men  have  indulged  in  as  to  the  supremacy  of  man — enough  to 
make  us  pause  before  boasting  loudly  of  the  knowledge  possessed 
by  him.  And  in  close  connection  with  what  we  have  been  stating, 
and  what  we  shall  yet  have  to  give  in  these  pages,  it  is,  to  say  the 
least,  a  suggestive  truth  that  of  the  very  agents  which  man  has  by 
his  ability  and  patience  made  to  do  his  bidding  and  perform  his 
work,  he  is  compelled — with  many  bnt  too  reluctantly — to  admit 
that  he  knows  nothing,  has  never  known,  is  not  likely  ever  to 
know  an3rthing.  To  say  nothing  of  that  "  mysterious  something " 
which  we  call  life,  whether  manifested  in  man  or  in  the  tiny 
insect  on  the  leaf,  and  of  which  we  know  absolutely  nothing — 
all  the  wealth  and  wisdom  of  the  world  failing  to  restore  the  life  to 
the  worm  which  he  crushes  recklessly  beneath  his  feet — what  can  we 
say  with  regard  to  gravity,  to  air,  light,  electricity,  and,  as  to  the 
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subject  of  the  present  section  of  our  work,  heat,  with  all  of  which  he 
works  such  wonders  ?  As  regards  what  they  are,  how  created,  and 
how  maintained  in  continuous,  never-ending  energy,  of  that,  as  with 
life,  we  know  nothing — absolutely  nothing.  Man,  by  long-continued 
observation,  the  marking  of  facts,  and  by  patient  investigation,  has 
discovered  or  become  cognisant  of  these  phenomena,  has  classified 
them  so  that  their  nature  and  affinities  have  been  clearly  made 
known,  and  has  by  wonderful  ingenuity  and  mental  power  applied 
them  to  the  doing  of  his  work.  But  beyond  this  the  proudest  of 
scientific  men  and  the  most  exalted  in  knowledge  is  as  helpless  as  a 
child. 

Source  of  Heat. 

The  source  of  all  known  heat  is  the  sun.  It  comes  to  us  or  arrives  at 
the  surface  gf  the  earth  along  with  his  light ;  and  as  hght  has  been 
calculated  to  reach  the  earth  from  the  sun  in  the  space  of  eight  and 
a  quarter  minutes,  it  may  be  reasonably  conjectured  that  heat 
travels  with  the  same  velocity, — a  velocity  inconceivably  great  to 
the  human  mind,  to  which  a  million,  for  example,  is  simply  a  word, 
but  the  amount  of  which  cannot  be  comprehended :  how  much  more 
incomprehensible  when  many  millions  are  named  !  The  velocity  or 
rate  of  travel  is  such  that,  as  named  by  Arnot,  in  one  second  of 
time,  in  one  beat  of  a  clock,  light  can  be  transmitted  from  one 
part  to  another  separated  by  186,000  miles.  Practically,  then, 
the  transmission  of  heat  from  point  to  point  within  the  compass 
of  man's  experience,  is  instantaneous.  That  the  sun  is  the  source 
of  heat,  the  experience  of  every  day  and  night  of  twenty-four 
hours  is  sufficient  of  itself  to  tell  us.  But  what  that  heat  really 
is,  how  it  is  created  and  how  it  is  maintained  so  as  to  give  out  and 
yet  make  up  for  the  enormous  waste — to  use  the  indefinite  language 
of  man — which  arises  from  the  inconceivably  great  supplies  which 
the  sun  pours  down  upon  the  earth,  are  things  upon  which  no  one, 
however  learned,  can  give  any  information  to  his  fellow-men.  But 
he  can  give  conjectures  or  propound  theories,  of  which  there  are  more 
than  one.  And  each  theory  is  for  the  most  part  upheld  with  as 
much  energy,  and  sometimes  with  as  much  dogmatic  assertion,  as  if 
each  knew  positively  that  what  he  affirms  is  true.  Ages  and  ages 
ago  the  patriarch  on  the  plains  of  Syria  asked  of  his  critical  compeer 
the  question,  "  Knowest  thou  the  balancing .  of  the  clouds  ?  " — a 
question  to  which  no  man  has  as  yet  given  an  answer,  although 
many  a  one  deems  that  he  has  done  so ;  so  in  like  manner  has  the 
question.  What  is  heat,  how  is  it  created,  how  is  its  inconceivably 
enormous  supply  kept  up  or  maintained?   been  asked,  and  asked 
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again  and  again  with  as  little  hope  of  the  answer  being  found  now 
as  it  was  ages  ago.  To  man  notlung  is  left  but  silently  to  adore  and 
be  profoundly  thankful  for  the  Divine  wisdom  which  creates  and 
maintains  life  by  means  so  pleasant  as  the  light  and  the  heat  of  the 
sun.  For  in  very  truth  heat  is  life,  as  conversely  life  is  the  expendi- 
ture or  use  of  heat.  When  heat  leaves  animals,  alike  when  it  leaves 
vegetables,  life  no  longer  exists.  It  is  thus  equally  the  support  of 
man  and  of  all  the  vegetable  and  floral  life  which  ministers  to 
his  well-being  and  intellectual  satisfaction,  and  which  makes  our 
world,  with  all  its  wealth  of  foliage  and  of  flowers,  the  beautiful 
place  it  generally  is.  And  this  vast  surface  of  leafage,  from  the 
tiny  blade  of  grass,  which  man  crushes  beneath  his  feet  as  "  he  goes 
forth  to  his  labour  in  the  morning,"  to  the  more  imposing  leaf  of  the 
monarch  of  the  primeval  forest,  does  not  complete  its  mission  by 
merely  beautifying  the  surface  and  gladdening  the  heart  of  man, 
who  treads  the  earth  as  its  lord  and  master.  The  grass  of  the  field 
and  the  foliage  of  the  forest  decompose  the  carbonic  acid  gas  present 
in  the  atmosphere,  spread,  so  to  say,  everywhere  by  that  singularly 
beautiful  law  which  controls  the  diffusion  of  gases,  converting  it 
through  the  medium  of  their  cells  and  fibres  into  the  woody  parts  of 
plants,  giving  out  at  the  same  time  that  oxygen  gas  which  is  so 
essential  to  the  maintenance  of  the  life  of  man  and  of  animals. 
These  breathe  or  inhale  it,  and  when  it  has  performed  its  functions 
in  the  living  organism,  it  is  breathed  out  again  or  exhaled,  but 
changed  into  the  condition  of  carbonic  acid  gas.  We  thus  see  how 
the  beautiful  cycle  of  what  is  called  vegetable  life  is  kept  up.  In 
discussing  the  parts  of  the  process  called  combustion,  we  shall 
have  more  to  say  on  this  point  of  creation  of  woody  matter 
through  the  agency  of  heat  working  through  that  of  vegetable  or 
plant  life. 

Xoasnrement  of  Heat— Thermometer. 

It  adds  to  the  difficulties — some  would  say  to  the  mysteries — 
attendant  upon  the  study  of  heat,  that  it  is  an  entity,  a  something 
which  exists,  but  which,  unlike  other  entities  with  which  man  has 
to  deal,  can  neither  be  seen,  measured,  nor  weighed.  We  can  only 
measure  its  existence — to  use  a  term  for  which  we  have  no  other 
substitute,  although  it  is  in  a  sense  misleading — we  can  only  measure 
the  pressure  of  heat  by  feeling  its  existence,  as  when  we  grasp  a  rod 
of  metal  which  we  call  hot  or  warm,  we  know  that  somehow  it  has 
had  heat  given  to  it  or  passed  into  it,  just  as  we  pronounce  the  same 
rod  to  be  eold  when  the  hc9.t,  which  was  at>  on^  time  present  in  it, 
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has  somehow  left  it.  That  heat  cannot  be  weighed,  inasmuch  as  it 
has  no  inertia — this  fact  being  proved  also  by  the  experiment — as 
shown  by  heating  with  the  same  number  of  degrees  of  heat  two 
bodies,  say  one  a  mass  of  mercury,  the  other  a  mass  of  water. 
Although  balanced  with  the  utmost  degree  of  nicety,  there  will  be 
no  difference  between  the  weights :  they  will  still  balance  each  other 
when  hot,  as  when  they  were  cold — or  one  mass  hot  and  the  other  cold 
will  not  affect  the  balance.  That  heat  cannot  be  measured  is  only 
relatively  true,  for  we  can  estimate,  if  we  do  not  absolutely  measure 
in  the  ordinary  and  true  sense  of  the  term,  the  amount  of  heat 
passed  into  or  imparted  to  another  body  by  the  instrument  called  the 
thermometer — Jieat  Tneasurer,  as  this  term  means — which  instrument 
or  appliance  is  based  on  the  fact  that  heat  passed  into  or  transmitted 
to  a  body  causes  that  body  to  change  in  bulk  by  driving  the  particles 
of  which  it  is  made  up  apart,  a  process  or  result  to  which  the  name 
of  repulsion  is  given,  and  which  has  already  been  explained  in  a 
preceding  paragraph  as  one  of  the  two  great  agents  in  all  physical 
phenomena ;  these  two  being,  as  there  explained,  attraction — ^through 
the  force  of  what  is  called  gravitation — and  repulsion,  through 
the  agency  of  heat.  This  is  manifested  in  many  ways,  such  as  in 
dilatation  or  expansion  of  a  rod  of  iron  when  heated,  or,  in  the  case 
of  the  thermometer,  the  .particles  of  mercury — or  spirits  of  wine  if 
this  be  the  medium  employed  to  indicate  the  changes — which  are 
by  heat  repelled  one  from  another,  and  thus  rise  in  the  tube  in 
which  it  is  confined,  and  which  rising  by  conventional  signs  made 
and  recognised  by  scientific  men,  is  called  the  temperature  of  the 
body  experimented  on.  That  heat  possesses,  as  we  have  said,  no 
gravity  or  weight,  shows,  therefore,  none  of  the  phenomena  attendant 
upon  this,  such  as  inertia — that  is,  indifference  to  rest  or  motion. 
When  we  speak  of  one  body  falling  or  projected  upon  another  body, 
with  the  motion  of  the  projected  or  falling  body  we  always  associate 
the  idea  of  what  is  called  an  impulse — an  effort  of  energy  of  greater 
or  less  intensity — ^but  the  tendency  of  which  is  to  influence  the  body 
struck  in  the  direction  of  injury  or  destroying  it.  Now,  if  heat 
possessed  gravity  or  weight,  a  ray  of  it  projected  against  or  striking 
a  body,  such  as  the  scale  of  a  balance,  would  literally  strike  that 
with  a  certain  amount  of  force  ;  but  the  most  delicately  constructed 
of  balances  fails  to  give  the  slightest  indications  of  its  having  been 
under  the  influence  of  energy  or  force.  Heat,  then,  is  called  an  im- 
ponderable substance ;  but,  strictly  speaking,  the  term  substance  has 
no  place  in  the  definition,  as  this  always  implies  a  something  which 
can  from  its  dimensions  be  measured,  and,  possessing  gravity,  can 
be  weighed.    The  more  correct  definition  of  heat  is,  therefore,  an 
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imponderable  entity — ^that  is,  a  something  which  produces  the  effect 
of  what  we  call,  in  its  lower  degrees  of  manifestation,  warmth ;  in 
its  higher,  heat.  But,  being  an  imponderable  entity  possessing  no 
weight,  we  can  only  measure  or  estimate  the  amount  of  it  by 
ascertaining  the  amount  of  change  in  the  dimensions  or  bulk  of 
the  body  or  substance,  which  increase  of  bulk  is  caused  by  the 
repulsion  of  its  particles,  heat  being  the  only  agent,  but  a  univer- 
sally prevalent  and  potent  one  by  which  this  repulsion  is  manifested 
throughout  the  substances  or  material  of  our  globe.  Every  substance 
or  body,  then,  under  the  influence  of  heat  may  be  said  to  be  a 
thermometer  or  heat 'measurer;  but  only  so  far  as  itself  is  concerned. 
We  cannot  measure  the  heat  in  the  body,  but  we  can  measure  the 
increase  of  volume  or  bulk  in  that  body,  which  is  caused  only  by 
heat  and  by  no  other  agency,  and  in  the  measure  of  the  increase  of 
bulk  we  obviously  measure  the  amount,  or  "degree"  as  the  technical 
term  is,  of  the  heat  which  has  been  passed  into  the  body.  But  to 
overcome  the  obvious  and  great  inconveniences  attendant  upon  making 
each  body  its  own  heat  measurer,  a  conventional  "  scale  "  has  been 
adopted,  by  which  relative  "  degrees  of  heat "  can  be  measured  in  dif- 
ferent and  differing  bodies,  and  this  through  the  aid  of  a  contrivance 
termed  a  "  thermometer,"  alluded  to  above;  This  consists  of  a  glass 
bulb  or  ball  provided  with  a  long  neck  or  tube;  the  bulb  is  filled  with 
mercury,  and  the  upper  end  of  the  tube  hermetically  sealed  or  closed 
air-tight.  And  as  the  heat  is  applied  to  the  bulb — through  the 
medium  of  the  ordinary  air  or  other  substance — the  mercury  expands 
and  rises  upwards  in  the  tube  or  neck,  and  this  in  proportion  to  the 
amount  of  heat  taken  up  or  absorbed  by  the  substance  in  which 
the  bulb  is  placed  or  body  to  which  it  is  applied.  Connected  with 
the  glass  neck  and  bulb  is  a  flat  piece  of  wood  or  metal,  on  which  the 
degrees  or  divisions  of  a  conventional  scale  are  marked,  indicating 
the  conventional  degrees  of  heat  measured  by  those  points.  The 
scales  in  use  are  three  in  number :  first,  the  "  Fahrenheit ";  second, 
the  "  Centigrade '' ;  and  thiid,  the  "  Reaumur."  Of  these  the  first 
is  that  used  in  this  country,  in  America,  and  generally  by  English- 
speaking  peoples ;  the  two  last  are  Continental  in  origin — the  Centi- 
grade being  what  may  be  called  the  French,  the  Reaumur  the 
German,  thermometer.  In  the  Fahrenheit  scale  the  "  freezing 
point ''  was  obtained  by  plunging  the  bulb  in  ice  or  in  freezing 
water;  the  "boiling  point"  by  plunging  it  in  boiling  water.  The 
Centigrade  scale,  arranged  on  a  more  definite  and  scientific  basis, 
and  on  the  decimal  system,  is  that  which  is  now  extensively  adopted 
even  by  English  scientists.  The  following  gives  the  relative  positions 
and  values  of  the  three  thermometric  scales  : — 
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Thebkometbic  Scale. 


Degrees. 

Degrees. 

English— Fahr. 

French — Reanmnr. 

Centigrade. 

212  Boiling  Point 

800 

100  0 

200 

74-6 

93-3 

180 

65-7 

82-2 

160 

66-8 

71-1 

140 

48-0 

60O 

120 

391 

48-8 

110 

34-6 

43-3 

100 

30-2 

37-7 

90 

25-7 

32-2 

80 

21-3 

26-6 

70 

16-8 

211 

60 

12-4 

16-6 

■  60 

80 

10-0 

40 

36 

4-4 

32  Freezing  Point 

00 

00 

For  the  registration  of  degrees  of  heat  which  are  beyond  the 
measuring  powers  of  an  ordinary  thermometer  —  in  which  its 
materials  would  be  melted  and  destroyed  —  instruments  termed 
"  pyrometers "  are  used.  These  have  been  brought  into  existence 
and  more  or  less  extended  use  through  the  demands  chiefly  of  modern 
metallurgical  science  and  practice,  in  which  heats  or  temperatures  of 
great  intensity  and  amount  are  met  with,  extending  to  thousands 
of  degrees  of  the  Fahrenheit  scale.  We  have  said  that  when  the 
higher  degrees  of  heat  are  imparted  to  a  substance,  as  for  example 
to  a  part  (as  the  hand)  of  our  own  body,  this  gives  an  impression 
which  we  define  by  saying  that  it  is  "  hot."  With  lower  degrees  of 
heat  we  have  a  different  impression,  and  we  say  that  it  is  "  warm  "  ; 
and  with  still  lower  degrees  of  heat  we  have  another  impression,  and 
we  say  that  it  is  "  cold."  But  the  terms  hot  and  cold  are  purely 
relative.  There  is  no  such  thing  as  absolute  heat,  therefore  there  is 
no  such  thing  as  absolute  cold  What  is  to  one  hot  is  to  another 
cold;  and  a  body  so  highly  heated  that  one  person  shrinks  from 
contact  with  it,  knowing  that  it  will  give  him  pain  to  touch  it,  will 
be  handled  by  another  person  with  impunity  to  whom  it  is  only 
what  is  called  ;^armi.  We  have  innumerable  instances  of  this  truth 
that  hot  and  cold  are  purely  relative  terms,  as  we  have  also  examples 
of  the  still  more  remarkable  truth  that  the  same  substance,  pos- 
sessing the  same  degree  of  heat,  will  to  the  same  person  present  the 
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feeling  of  being  both  hot  and  cold.  Thus,  a  rod  of  iron  which  grasped 
by  a  hand  half  dead  with  freezing  cold  will  feel  very  warm,  if 
grasped  by  a  hand  which  has  been  dabbling  in  hot  water  will  feel 
very  cold. 

Heating  by  Conduction. 

Any  number  of  objects,  no  matter  hpw  numerous  they  are,  exposed 
to  the  same  circumstances  of  heat  or  heating,  will  all  possess  the 
game  temperature — that  is,  will  each  indicate  the  same  degree  of 
temperature  in  the  thermometric  scale.  Thus,  in  a  drying  room, 
throughout  the  space  of  which  a  certain  temperature  exists,  every 
hank  of  yarn  or  inch  of  cloth  which  is  being  dried  or  deprived  of  its 
moisture  by  the  heat  of  the  room  has  at  any  one  period  the  same 
temperature  as  its  neighbour.  This  law  enables  us,  knowing  the 
temperature  of  the  heating  medium,  to  know  that  of  every  body 
subjected  to  it.  A  rod  of  iron  placed  in  a  hot  fire  or  furnac?, 
although  at  the  time  cold,  to  use  the  common  expression,  becomes 
heated  first  at  the  point  of  contact  with  the  heating  medium,  and 
ultimately  all  over,  through  every  particle  of  its  mass ;  but  if  we 
know  the  temperature  of  the  fire  or  furnace,  we  know  that  of  ever 
so  many  bars,  reds,  or  lumps  of  iron.  If  this  law  did  not  exist,  man 
in  his  industrial  and  scientific  work  would  have  his  labour  multiplied 
a  hundredfold;  for  he  would  have  in  many  instances  to  ascertain  the 
temperature  of  every  object,  which  in  many  cases  would  be  prac- 
tically or  physically  impossible.  We  are  so  accustomed  to  take 
things  as  they  exist  around  us,  without  a  thought  as  to  the  beneficence 
of  the  Creator's  design,  which  makes  them  so  conducive  to  the 
convenience  and  the  daily  necessities  of  man,  so  eminently  fitted 
to  minister  to  his  comfort.  The  mere  physical  condition  in  which 
man  exists  and  does  his  work,  and  the  laws  which  regulate  the 
doing  of  it,  are  in  themselves  striking  proofs  of  the  beneficent  legis- 
lation of  an  all- wise  Creator.  If  we  thrust  a  bar  or  rod  of  iron  into 
a  red-hot  fire  we  can  at  firat  hold  the  outer  or  free  end  of  it  without 
feeling  any  heat.  Gradually  we  feel  it  to  become  warm,  until  at  last 
it  becomes  so  very  hot  that  we  are  glad  to  relinquish  our  hold  of  it. 
If  kept  long  enough  in  the  fire,  the  temperature  of  that  will  be 
the  temperature  of  every  particle  of  the  bar  or  rod,  making  allow- 
ance for  the  cooling  effect  of  the  external  air,  to  which  the  greater 
portion  of  the  iron  is  exposed.  If  now  we  take  a  rod  of  glass  and 
thrust  it  into  the  same  clear  burning  fire,  although  the  end  at  which 
we  grasp  the  rod  does  in  time  become  hot,  it  takes  a  much  longer 
time  to  become  so  hot  that  we  cannot  comfortably  retain  a  hold  of 


THE  TECHNICAL   STUDENT^S  INTRODUCTION  TO   MECHANICS.    397 

it.  If,  as  a  third  experiment,  we  push  a  wooden  stick  or  piece  of 
timber  into  the  same  fire,  although  the  end  will  keep  burning  and  be 
gradually  consumed,  yet,  almost  close  to  the  burning  part,  the  outer 
part  of  the  stick  or  piece  of  wood  is  so  slightly  heated  that  for  a  long 
time  you  could  retain  it  in  the  grasp  of  the  hand.  Still  longer  would 
it  be  before  you  felt  the  outer  end  of  a  long  narrow  block  or  piece 
of  stone,  the  other  extremity  of  which  was  thrust  into  the  fire, 
inconveniently  hot.  These  facts  show  two  things :  first,  that  heat  is 
gradually  conveyed  from  one  part  of  a  body  to  another ;  and  second, 
that  dififerent  bodies  show  different  facilities — so  to  express  it — 
for  this  conveyance  of  heat.  This,  scientifically  termed,  is  known  as 
"  conduction  " — heating  by  conduction — the  heat  being  conducted  or 
led  along  the  body  from  one  particle  to  another.  And  it  is  obvious 
that  the  nearer  to  each  other  these  particles  lie — the  closer  they  are 
together — the  more  quickly  is  the  heat  conveyed  from  one  part  to 
another.  Hence'  the  denser  bodies,  such  as  metals,  are  all  much 
better  conductors  than  the  less  dense ;  porous  bodies,  such  as  wood 
and  wool,  being  bad  conductors.  The  following  shows  the  order  or 
value  of  the  heat-conducting  powers  or  conductivity  of  certain 
bodies : —  Metals  take  the  first  rank,  then  comes  glass,  then  hard 
and  dense  stones,  light  or  porous  earths,  timber,  oils,  air,  charcoal, 
vegetable  and  animal  fibres,  and  lastly  furs.  The  condition  in 
which  bodies  are  placed  affects  their  conducting  powers.  Thus  air 
allowed  to  move,  or  in  what  is  called  its  ordinary  condition,  is  not  a 
bad  conductor  of  heat — ^in  fact,  in  conducting  value,  it  stands  midway 
between  metals  as  the  best  and  fur  as  the  worst  conductors  of  heat ; 
but  if  it  be  inclosed  in  a  space,  as  that  between  the  walls  of,  say,  a 
furnace  and  its  outer  lining,  it  becomes  so  bad  a  conductor  of  heat 
that  some  scientists  put  it  down  as  an  absolute  rion-conductor.  This 
may  account  for  the  fact  that  porous  bodies  are  such  bad  con- 
ductors of  heat ;  the  wide — comparatively  so — spaces  between  these 
particles  being  occupied  by  air  which,  as  we  have  seen,  possesses  a 
remarkable  facility  for  hindering  or  preventing  the  passage  of  heat 
through  it.  The  whole  subject  of  the  communication  of  heat  from 
one  part  of  a  body  to  another  by  what  is  called  conduction — the  heat 
being  led,  so  to  say,  from^one  particle  of  the  body  to  the  other — is 
one  possessing  great  interest  to  the  practical  mechanic,  and  should 
be. studied,  through  the  infinite  variety  of  circumstances  presented  us 
in  every-day  life,  in  greater  detail  than  our  space  permits  of.  What 
may  be  called  the  paradoxes  or  puzzles  presented  in  the  phenomena 
of  heated  bodies  are  easily  explained  by  the  principle  of  conduction, 
or  the  laws  which  regulate  the  transmission  of  heat  to  and  from 
solid  bodies. 
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Heating  by  Conveetion. 

In  the  heating  of  solid  bodies  the  heat  is  conveyed  or  conducted 
from  one  particle  to  another  hy  what  may  be  called  contact ;  hence 
the  more  dense  or  compact  the  bodies  are  as  the  particles  are  the 
closer  in  contact,  the  more  quickly  is  the  heat  conveyed  or  conducted 
from  one  part  to  another  of  the  body  considered  as  a  whole ;  hence, 
as  we  have  already  said,  such  dense  bodies  are  the  best  conductors 
of  heat.  But  in  the  case  of  fluid  bodies,  such  as  water,  which  are 
distinguished  by  their  possessing  great  mobility — that  is,  a  facility 
for  being  moved  or  moving  themselves  from  the  part  of  the  vessel 
in  which  they  are  confined — the  great  agent  in  this  movement,  or 
what  may  be  called  self-movement,  is  heat.  In  what  is  called  the 
warming,  heating,  or  boiling  of  liquids — water,  for  example — ^the 
heat  is  applied  artificially  to  the  lower  part  of  the  vessel  in  which 
the  water  is  contained.  The  particles  of  the  water  lying  immediately 
in  contact  with  this  part  of  the  vessel  become  first  heated,  and  this 
by  the  heat  of  the  heating  fuel  passing  or  being  conducted  by  the 
metal  of  the  vessel,  as  a  boiler.  The  heat  taken  up  by  the  lowest 
range  of  particles  of  water  causes  them  to  expand  and  become  lighter 
than  the  particles  above  them. .  They  therefore  rise  and  ascend 
through  the  mass  of  water  above  them,  and  as  they  pass  up  give  out 
their  heat  to  the  colder  particles  of  water  surrounding  them,  their 
place  at  the  lowest  part  of  the  vessel  in  which  they  rested  being 
taken  by  the  colder  particles  above  them.  Thus  by  a  continuation  of 
the  heat  to  the  vessel  by  the  keeping  up,  say,  of  the  furnace  fire,  a 
succession  of  particles  of  water  resting  in  the  vessel  are  raised  in 
temperature  and  rise  up,  their  place  being  taken  by  colder  particles, 
till  the  whole  mass  of  water  in  the  vessel  is  raised  in  temperature  in 
a  way  much  more  rapid  in  its  development  than  is  observable  in  the 
heating  of  solid  bodies  by  conduction.  This  process  of  heating  of 
liquids  is  termed  convection,  from  two  Latin  words — corij  with,  and 
vekerey  to  draw.  We  prefer  the  term  carrying,  as,  if  not  so  elegant, 
it  is  more  correct ;  inasmuch,  as  will  be  seen  from  the  above,  the  heat 
taken  up  at  one  place  by  particles  of  water  is  carried  or  conveyed 
to  other  particles.  When  we  come  to  give  our  remarks  on  the 
special  phenomena  of  heat,  as  in  the  process  of  boiliog  of  water  or 
the  raising  of  steam,  the  reader  will  find  more  information  on  the 
subject  of  heating  by  convection — remarking  only  here  that  it  is 
exemplified  in  nature  on  the  grand  scale  in  the  ocean  currents,  of 
which  the  Gulf  Stream  is  the  most  striking  and  popularly  known 
example;  and  further,  that  the  physical  condition  of  the  fluid 
materially  influences  its  convecting  or  heat-carrying  power.  The 
more  mobile  and  free  its  particles  are  to  move,  the  more  readily  do 
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they  carry  the  heat  particles  from  one  part  of  the  mass  to  the  other. 
Thus,  to  use  the  only  term  open  to  us,  the  thinner  or  finer  the  liquid 
is,  the  better  convector  or  heat  carrier  it  is;  the  thicker  or  more 
viscid  and  glutinous,  the  less  readily  does  it  carry  heat  particles. 
Thus  a  spirituous  liquid  carries  heat  much  more  quickly  than  does 
a  thicker  fluid,  as  a  sugary  syrup ;  and  water  more  quickly  than  this 
syrup,  although  much  less  quickly  than  the  spirit;  while  muddy 
water,  as  in  steam  raising,  carries  heat  from  one  point  of  its  mass 
to  another  point  much  less  quickly  than  does  clear  water.  Such 
points  as  these  in  connection  with  the  law  of  convection  or  of  heat- 
carrying  in  liquids  are  of  greaf  practical  value  in  the  industrial  arts. 

Heating  by  Badiation. 

When  we  speak  of  light  as  being  received  from  the  sun,  we  say 
that  it  comes  to  us  in  the  form  of  "  rays."  With  the  rays  of  light 
from  the  sun  comes  also  the  heat  from  that  marvellous  source  of 
both  light  and  heat,  if  indeed  those  two  entities  are  only  the  same 
thing  acting  under  different  conditions  and  circumstances.  But 
although  light  and  heat  are  united  in  the  same  sun  ray,  the  heat 
can  be  separated  from  the  light.  Seeing  this  close  connexion — ^this 
unity  in  duality — it  need  not  be  matter  of  surprise  that  the  heat  rays 
act  under  the  same  laws  as  do  the  light  rays.  As  light  is  projected 
from  the  sun,  the  great  source  of  both  light  and  heat,  so  heat  is 
radiated  or  sent  forth  as  rays  from  any  heated  body ;  which  rays,  if 
they  fall  upon  or  are  received  by  any  body,  raise  the  temperature 
of  that  body  in  prc^rtion  to  the  intensity  of  the  heat  with  which 
this  radiating  body  is  heated.  Those  rays  of  heat  are  projected  or 
shot  forward  from  the  heated  or  radiating  body  in  straight  lines. 
This  peculiarity  enables  us,  therefore,  to  cut  off  from  contact  with 
any  solid  body  the  heat  rays  from  another  body ;  but  in  this  xsase 
the  intercepting  body  receives  the  heat  rays,  which,  without  its 
interposition,  wculd  otherwise  have  been  passed  to  and  taken  up 
by  the  other  body.  But  while  rays  of  heat  are  passed  or  projected 
from  heated  bodies  through  the  air,  the  rays  do  not  give  up  their 
heat  to  the  air  itself,  but  only  to  bodies  coming  within  the  range 
of  the  rays.  Motion  in  the  air  through  which  the  heat  rays  are 
projected  does  affect — ^that  is,  lessen — the  heating  powers  of  the  rays, 
so  to  say ;  hence  draughts  in  a  room  do  not  stop'  or  interfere  with 
the  heating  of  bodies  by  heat  rays,  although  draughts  may  carry 
away  the  air  of  a  room  once  heated,  and  pass  it  to  the  external 
atmosphere  according  to  the  condition  in  which  the  draughts  are. 
Heat  rays,  like  light  rays,  are  reflected  from  polished  or  bright 
surf  aces,  and  can,  by  such  surfaces  as  mirrors,  be  reflected  so  as  to 
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be  concentrated  at  one  point,  giving  out  a  more  or  less  intense  heat. 
And,  like  light  rays,  heat  rays  can  be  concentrated  by  a  lens,  as  in 
the  familiar  example  of  the  burning  glass  of  the  schoolboy.  like 
the  rays  of  light,  those  of  heat  are  projected  with  enormous  velocity — 
a  velocity  such  as  to  make  the  transmission  of  heat  by  heat  rays 
practically  instantaneous;  and  the  taking  up  or  reception  of  the 
heat  by  bodies  which  intercept  those  rays  is  equally  instantaneous. 
This,  if  not  controlled  by  certain  circumstances  connected  with  the 
condition  of  bodies,  would  of  itself  cause  a  uniform  temperature  to 
reign  through  bodies  receiving  heat  rays.  But  by  a  wise  dispensa- 
tion the  bodies  are  of  different  constituents,  and  those  differently 
placed  in  relation  to  each  other — some  being  dense,  others  porous ; 
some  having  dull,  others  having  bright  and  polished  surfaces.  Now, 
just  as  we  have  seen  that  the  heat-conducting  powers  of  bodies 
vary,  so  do  we  find  that  radiation  of  heat,  the  rapidity  with  which 
it  is  taken  up  or  absorbed  by  bodies,  and  the  aase  with  which  it  is 
given  up  by  them  or  reflected  from  them,  all  depend  upon  the  nature 
of  the  bodies  and  their  surface.  Experiments  made  by  scientists  tell 
us  of  the  different  radiating  (heat-giving-out  or  parting-with)  and 
absorbing  (heat-taking-up)  powers  of  different  bodies.  Thus,  if  a 
body  covered  with  a  surface  of  lampblack  radiates  in  a  certain  time 
100°  of  heat,  a  body  with  a  surface  as  of  polished  iron  will  only 
radiate  15°;  of  tin  plate,  or  of  gold,  silver  or  copper,  only  12°;  a 
lead-surfaced  body  dean  cut  will  radiate  19°,  a  surface  of  ice  will 
radiate  87°,  of  crown  glass  90°,  of  writing  paper  98°.  The  heat- 
absorbing  powers,  or  the  rapidity  or  readiness  with  which  bodies  of  a 
certain  kind  take  it  up,  is  very  nearly  proportioned  to  their  radiating 
powers ;  thus  a  tinned  surface  will  absorb  or  take  up  heat  showing 
a  temperature  of  12°  in  excess  of  its  normal  or  ordinary  temperature, 
while  a  lamp-blackened  surface  will  take  up  100°.  Bodies  such 
as  steam-engine  boilers  radiate  from  their  external  surfaces  large 
increments  of  heat,  which  means,  traced  to  its  source,  a  loss  of  fuel. 
This  can  be  saved  by  preventing  the  radiation  of  heat  from  the 
boiler  surface  by  covering  it  with  a  non-conducting  heat  material 
or  substance,  various  kinds  being  in  the  market  at  the  command 
of  the  boiler  user.  Grenerally  dark-coloured  bodies  absorb  more 
heat  than  light-coloured  ones.  And  as  what  is  not  absorbed  is 
reflected  from  surfaces,  the  heat-reflecting  powers  are  in  turn 
indicated  by  the  absorbing  and  radiating  powers.  We  have  noted 
various  ways  in  which  the  heat  rays  resemble  the  light  rays  in  the 
laws  which  dictate  their  phenomena,  but  the  remarkable  difference 
between  the  two  kinds  of  rays  must  be  noted  here.  While  the  rays 
of  the  sun^  or  rays  of  light  from  a  luminous  body,  as  a  flre,  will  pass 
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readily  and  instantaneously  through  transparent  bodies  generally, 
the  heat  rays  will  not,  but  be  intercepted ;  thus,  if  you  hold  a  pane 
of  glass  between  you  and  a  blazing  fire,  while  the  light  rays  will 
pass  freely  through,  the  heat  ones  will  not.  The  only  exception  to 
this  peculiarity  of  heat  rays  is  the  air ;  through  which,  as  we  have 
seen,  the  heat  rays  pass  freely  in  straight  lines  without  communi- 
cating their  heat  to  it,  the  rays  only  parting  with  their  heat  more  or 
less  completely  on  striking  a  body  or  substance,  being  partly  absorbed 
by  or  partly  reflected  from  it,  according  to  the  nature  of  the  body 
or  substance. 

Ezpansion  of  Bodies  by  Heat. 

Each  body  has  its  own  particular  capability  of  expansion.  We 
have  in  another  part  of  this  volume  stated  that  two  great  forces 
alone  controlled,  so  to  say,  the  whole  of  the  physical  phenomena  of 
the  universe.  Of  one  of  these — that  of  attraction,  or,  as  it  is  often 
termed,  the  attraction  of  gravitation,  or  of  weight — we  have  already 
given  full  explanations  so  far  as  its  phenomena  or  results  are  con- 
cerned ;  as  to  what  attraction  is  itself,  how  created,  and  how  main- 
tained, we  know  nothing.  The  same,  we  have  seen,  has  to  be  said 
of  heat,  with  the  phenomena  or  manifestations  of  which  we  are  at 
present  concerned.  As  heat  is  the  great  repelling  agent  in  nature, 
there  can  obviously  be  no  repulsion  of  the  constituents  of  a  body 
without  some  change  in  the  form  or  bulk  of  that  body.  Repulsion 
means  change  of  position  in  the  particles  of  the  body — one  particle 
repelled  or  pushed  farther  away  from  its  neighbour ;  and  change  of 
position  implies  change  in  the  form  of  the  body,  and  that  to  a  greater 
or  less  extent  in  proportion  to  the  amount  of  heat  passed  into  or 
absorbed  by  the  body.  The  most  familiar — at  least,  the  most  easily 
tested — example  of  the  change  in  form,  or  in  bulk,  by  the  expansion 
caused  or  brought  about  by  the  agency  of  heat  repelling  its  particles 
one  from  the  other,  is  a  bar  or  rod  of  iron.  If  that  rod  when  cold — 
that  is,  at  the  normal  temperature  of  the  surrounding  atmosphere — 
can  be  passed  with  ease  through  a  certain  aperture  (as,  say,  one  made 
in  a  flat  plate  of  iron)  you  have  only  to  impart  heat  to  the  rod  by 
putting  it  into,  and  keeping  it  in,  the  fire  for  a  certain  time  in 
order  to  bring  about  a  change  in  its  condition.  The  increments 
or  portions  of  heat  from  the  fire  taken  up  or  absorbed  by  the  iron 
rod  bring  the  phenomena  of  the  second  great  law  of  nature — that 
of  repulsion — into  existence;  and  the  particles  of  the  rod  pushed 
from  one  another  by  the  agency  of  heat  occupy  greater  space, 
and  so  increase  the  dimensions  of  the  rod  in  the  direction  of  its 
diameter  that  it  will  no  longer  pass  into  the  hole  in  the  plate  into 
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which  it  is  easily  passed  when  cold.  And  if  the  young  reader  will 
think  the  point  out,  he  will  perceive  that  if  the  repelling  agency  ot 
heat  causes  a  change  in  position  of  the  molecules  of  the  iron  rod 
so  that  it  increases  its  diameter,  the  change  in  one  direction  will 
cause  a  change  in  the  form  of  the  har,  so  that  it  will  be  so  in- 
creased in  length  that,  capable,  when  cold,  of  being  placed  length- 
ways between  two  points,  it  will  not  pass  between  those  two  points 
when  it  is  heated,  having  increased  in  length  as  well  as  in  breadth. 
We  thus  see  that  heat,  as  the  great  agent  of  repulsion,  causes 
changes  in  the  form  of  bodies  in  all  directions — ^that  the  rod  of  iron 
sufficiently  repulsive  will  act  so  that  it  will  change  the  relation  of 
its  molecules  to  one  another,  and  it  swells  out  into  a  soft  pasty 
mass  at  a  heat  which  is  termed  technically  a  welding  heat.  Increase 
the  heat  to  a  still  higher  temperature,  and  you  melt  the  iron,  changing' 
it  into  the  condition  of  a  liquid.  The  same  phenomena  of  expansion 
of  bodies  by  the  agency  of  heat  are  seen  exemplified  in  other  bodies — 
all  leading  to  a  change  of  form  or  condition.  Thus,  if  we  heat  a 
lump  of  ice,  we  change  it  from  the  solid  to  the  liquid  condition,  and 
we  obtain  water.  Heat  now  the  water,  and  if  heated  sufficiently 
we  change  the  liquid  into  the  gaseous  or  aeriform  condition  to  which 
we  give  the  name  of  steam.  We  thus  see  the  fallacy  involved  in  the 
popular  notion  that  the  form  or  condition  in  which  any  body  or 
substance  is  generally  met  is  its  true  or  natural  condition.  The 
condition  of  a  body  as  generally  or  usually  met  with  is  not  its  absolute 
condition ;  it  is  only  its  relative  one.  We  have  only  to  bring  certain 
agencies  into  play  in  order  to  bring  about  a  change  in  the  condition 
of  the  body,  as  we  have  seen  in  the  case  of  ice  and  water.  Of  course 
it  is  scarcely  necessary  to  inform  the  young  reader  that,  if  the 
accession  of  heat  to  a  body  causes  changes  in  that  body,  the  with- 
drawal of  the  heat  causes  changes  in  the  opposite  or  contrary 
direction.  Thus,  in  the  case  of  steam,  cited  above,  we  have  only  to 
withdraw  the  heat  present  in  it,  or  allow  it  to  remain  in  the  vessel 
which  contains  it  till  it  cools,  as  the  common  expression  has  it,  when 
it  is  reduced  into  or  brought  back  again  to  the  condition  of  water. 
We  have  only  further  to  abstract  the  heat  from  this,  or  allow  it  to 
cool  till  it  reaches  a  sufficiently  low  temperature,  when  the  water  is 
changed  into  or  brought  back  again  to  the  condition  or  form  of  ice. 
Heat,  as  it  is  the  great  agent  of  repulsion,  is,  strictly  speaking,  the 
cause  of  the  form  or  condition  of  bodies,  which  is  truly  owing  to  the 
temperature  of  the  body.  Bodies  have  different  constituents,  giving 
them  a  greater  or  less  affinity  for  or  a  readiness  to  take  up  heat ; 
some  bodies  taking  very  large  increments  of  heat  to  melt  them, 
others  taking  so  few  that  they  melt  at  a  temperature  a  little  above 
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that  of  the  ordinary  air ;  while  others  are  so  volatile,  as  the  popular 
expression  goes,  that  the  heat  of  the  normal  temperature  of  the  air 
causes  them  to  evaporate  almost  immediately  on  being  exposed  to  it. 
It  follows  from  this  that  each  body  which,  as  we  have  seen,  has  its 
form  dependent  upon  the  amount  of  heat  present  in  it,  causing 
repulsion  between  its  molecules  and  consequent  expansion,  must 
possess  its  expansive  power,  so  to  express  it,  pecidiar  to  itself; 
so  that  each  body  gains  in  bulk  by  the  accession  of  a  certain 
amount  of  heat — manifested  by  what  is  called  its  temperature — a 
certain  proportion  due  to  that  temperature,  and  due  only,  to  the 
constituents  of  that  particular  body.  Thus  the  body  or  substance 
will  be  found  to  gain  by  a  certain  given  temperature  a  certain 
amount  of  expansion.  Thus,  while  a  lump  of  glass  will  gain  by 
expansion  a  bulk,  say,  1  part  in  every  429,  a  mass  of  water  under 
the  same  temperature  wiU  have  an  expansion  nine  times  greater, 
or  1  part  in  every  23.  As  a  general  rule  the  expansion  of  bodies 
increases  in  a  much  quicker  ratio  than  the  increase  of  temperature. 
The  young  reader  will  perceive  how  this  is,  if  he  considers  that  in  the 
original  or  normal  condition  of  a  body  its  molecules  are  in  what  may 
be  called  the  strongest  position — that  is,  the  attractive  force  which 
keeps  them  together  is  acting  in  the  most  powerful  way ;  a  greater 
degree  of  heat  is  therefore  required  to  begin,  so  to  express  it,  the 
repelling  or  expanding  power,  the  attraction  being  the  greater ;  but 
as  the  molecules  are  being  repelled  from  each  other  by  the  heat,  the 
attractive  or  cohesive  powers  become  less  and  less  as  the  heat  is 
continued,  a  less  degree  of  heat  being  necessary  as  the  molecules  are 
placed  or  repelled  a  farther  distance  apart  than  when  they  were 
close  together  and  the  cohesion  strongest.  It  is  scarcely  necessary 
to  say  that  bodies  or  substances  which  have  little  cohesion  between 
their  parts,  or  have  little  density,  expand  much  more  rapidly  and  to 
a  very  much  greater  extent  under  the  same  temperature  than  other 
bodies  of  a  more  dense  nature.  We  thus  see  how  the  amount  to 
which  bodies  expand  under  certain  given  and  definite  temperatures 
is  dependent  upon  the  character  of  the  body  itself.  The  following 
shows  the  degrees  in  which  bodies  expand  or  gain  in  bulk  under 
certain  temperatures.  If  a  lump  of  glass,  being  so  dense  a  body, 
gains  only  1  part  in  every  429  parte  of  its  bulk,  lead  gains  1  in 
117,  and  intermediate  between  these  wrought  iron  gains  1  in  271, 
steel  1  in  283,  cast  iron  1  in  278,  copper  1  in  194,  brass  1  in 
177,  tin  1  in  170,  platinum  1  in  389,  and  white  deal  1  in  416 
parts.  Of  liquids,  while  water  gains,  as  we  have  already  said, 
1  part  in  every  23  of  its  bulk,  alcohol  or  spirits  of  wine,  which 
has  such  an  afiOlnity  for  heat,  gains  1  part  in  every  9  of  its  bulk, 
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quicksilver  or  mercury  1  part  in  every  55  parts  of  its  bulk  or  maes, 
oils  on  an  average  1  in  every  12,  while  the  ordinary  atmospheric 
air  has,  in  common  with  all  gases,  such  an  affinity  for  heat,  that  it, 
like  them,  increases  1  part  for  every  3.  While  it  is  true,  as  we 
have  alieady  said,  that  the  great  agent  in  repulsion  in  bodies,  heat, 
causes  bodies  to  expand  in  all  directions,  it  does  not  follow  that  they 
expand  equally  in  all  directions.  Thus  the  rod  of  iron,  in  tbe 
example  we  cited,  while  it  expands  in  diameter  expands  also  in 
length,  but  the  proportion  of  increase  in  length  is  less  than  that  of 
diameter.  And  if  the  young  reader  will  think  this  out,  he  will 
perceive  how  it  must  be  so;  for  as  the  rod  increases  in  diameter 
by  the  repulsion  of  its  particles  in  that  direction,  this  particular 
repulsion  has  to  act  in  conjunction  with  the  particles  which  make  up 
the  length  of  the  rod,  and  this  action  has  a  tendency  to  pull  the 
particles,  so  to  say,  upwards  as  the  particles  expand  outwards ;  so 
that  the  tendency  of  the  bar  to  lengthen  is  so  far  opposed  that  part 
of  it  goes  to  the  extension  of  the  diameter,  thus  making  the  increase  of 
length  in  a  body,  as,  say,  a  bar  or  rod  of  iron,  less  than  the  increase 
of  breadth  or  thickness  or  of  diameter.  The  whole  subject  of  the 
expansion  of  bodies  by  heat,  and  conversely  of  their  contraction  by 
cold,  is  one  of  the  highest  importance  to  the  mechanic,  and  especially 
if  he  deals  with  structures  in  which  metals  are  wholly  or  chiefly 
used. 

Specific  Heat  of  Bodies. 

From  what  has  been  said  of  the  great  agent  of  repulsion  in 
physics — heat — in  causing  expansion  or  dilatation  of  bodies,  and  the 
fact  that  each  body  has  its  own  particular  rate  of  expansion,  de- 
pendent upon  its  constituents  and  the  relation  of  them  to  one  another, 
it  follows  that  each  body  must  have  its  own  particular  affinity  for 
heat — that  is,  that  it  will  take  up  no  more  and  no  less  than  a 
given  or  definite  quantity  of  heat,  that  quantity  being  due  to  itself 
and  no  other :  in  other  words,  that  each  particular  body  has  its  own 
particular  capability  to  take  up  or  absorb  heat,  or,  to  use  the 
technical  expression,  its  own  "  capacity  for  heat." 

In  measuring  the  temperature  of  any  substance  or  body  by  a 
thermometer,  the  quantity  of  the  substance  or  the  size  of  the  body 
has  no  influence  upon  the  indications;  these  are  the  same  if  we 
employ  a  pint  of  water  or  the  whole  ocean.  Philosophers  have, 
therefore,  sought  for  some  mode  of  measuring  or  expressing  qiiantitiea 
of  heat.  The  plan  which  has  been  adopted  is  to  take  as  the  unit  of 
quantity  of  heat  the  amount  required  to  raise  the  temperature 
of  one  pound  of  water  one  degree  of  Fahrenheit's  scale.     This  is  the 
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English  and  American  unit  of  heat.     The  above  Fhows  the  meaning 
of  the  term  "  unit  of  heat,"  and  the  following  the  "  specific  heat 
of  various  bodies,  solids,  liquids,  and  gases. 

The  same  quantity  of  heat  that  will  raise  the  temperature  of  one 
pound  of  water  one  degree  will  raise  the  temperature  of  one  pound 
of  iron  nine  degrees,  or  of  one  pound  of  mercury  thirty- three  degrees. 
This  different  capacity  of  various  bodies  for  heat  is  called  specific 
heat.  Water  has  the  highest  specific  heat  of  any  substance  known 
except  hydrogen,  and  is  taken  as  the  standard ;  the  specific  heat  of 
other  substances  being  expressed  in  fractions.  The  following  table 
is  given  by  Professor  Silliman,  most  of  the  figures  having  been 
originally  taken  from  the  experiments  of  Regnault. 


Alnminum 

Sulphur 

Iron 

Cobalt 

Nickel 

Zinc 

Copper 

Selenium 

Tin 


TABLE  OF  SPECIFIC  HEAT—WATB:R  =  1000. 

SoLina 


0-2143 
0-2026 
01138 
01070 
0-1086 
00956 
0  0952 
0-0762 
00562 


Platinum 

Lead 

Phosphorus 

Arsenic  . 

Silver 

Iodine     . 

Antimony 

Gold 

Bismuth 


0-0324 
0-0314 
01887 
0-0814 
0-0570 
00541 
00608 
00324 
00308 


Mercury . 


Liquids. 
003331  I   Bromine 


0-11094 


Atmospheric  Air 
Oxygen  . 
Nitrogen 
Hydrogen 
Chlorine 
Bromine 
Nitrous  Oxide 
Nitric  Oxide  . 
Carbonic  Oxide 


Gases  and  Vapours  (equal  weights). 

.  0-2379  Carbonic  Acid 

.  0-2182  Sulphide  of  Carbon 

.  0*2440  Sulphurous  Acid 

.  3*4046  Ammonia  Gas 

.  0-1214  OlefiantGaa   . 

.  00652  Water  Vapour 

.  0  2238  Alcohol  Vapour 

.  0-2315  Ether  Vapour 

.  0*2479  Chloroform     . 


0-2164 
01575 
01558 
0*5080 
0*3694 
0-4760 
0*4513 
0-4810 
0-1568 


A  knowledge  of  the  specific  heat  of  substances  is  of  value  in  many 
practical  applications.  From  its  high  specific  heat,  water  taken  as 
the  standard  or  "unity"  is  generally  represented  as  1*000 ;  a  pound 
of  it,  in  cooling  a  given  number  of  degrees,  gives  out  nine  times  as 
much  heat  as  a  pound  of  iron  and  thirty-three  times  as  much  as  a 
pound  of  mercuiy. 
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The  observant  reader  will  have  noticed  that  as  a  rule  the  bulkier 
the  body  the  greater  is  its  capacity  for  heat,  the  gases  standmg  high 
in  this  respect ;  that  gases  have  greater  capacity  than  liquids,  and 
liquids  than  soUds.  The  reason  for  this  may  be  sought  for  in  the 
fact  that,  as  there  is  greater  repulsion  between  the  particles — ^that 
is,  a  greater  distance  between  them — greater  space  is  provided  into 
which  heat  can  pass.  But  researches  show  that  it  is  not  so  much 
on  the  bulk  or  the  density  of  bodies  that  their  capacity  for  heat 
depends,  but  upon  the  nature  or  character  of  their  constitutional 
atoms.  How  this  is  we  can  only  conjecture,  but  enough  is  known 
to  enable  us  to  arrive  at  conclusions  correct  enough  for  practical 
purposes.  Of  one  thing  the  young  reader  may  rest  assured :  that  all 
the  observed  phenomena  in  physics — the  philosophy  or  science  of 
matter — are  regulated  or  controlled  by  laws  emanating  from  an 
all- wise  and  beneficent  Creator.  It  is  no  blind  chance,  "no  for- 
tuitous concourse  of  atoms,"  which  has  made  water,  that  body  or 
substance  of  all  the  other  bodies  at  the  service  of  man  the  one 
which  has  the  highest  capacity  for  heat,  there  being  only  one 
exception  to  this — namely,  hydrogen.  If  the  young  reader  will 
think  the  point  out  to  its  ultimate  issues,  he  will  perceive  how 
beneficent  is  this  arrangement  which  gives  to  water — met  with  every- 
where, easily  handled  and  dealt  with,  with  which  every  one  is  more 
or  less  familiar — its  great  capacity  for  heat.  Let  him  ponder  over 
all  its  applications  in  the  industrial  processes  of  the  world  and  in 
domestic  life,  and  he  will  perceive  how  wonderfully  this  characteristic 
of  water  falls  in  with  the  conditions  and  ministers  to  the  wants 
and  necessities  of  man. 

The  phenomena  manifested  in  the  expansion  or  dilatation  of  bodies 
are  of  great  practical  importance  to  man  in  carrying  on  his  varied 
and  ever-varying  work.  We  have  seen  that  liquids  expand  more 
freely  and  to  a  larger  extent  than  solids,  and  gases  or  aeriform 
fluids  than  liquids.  The  phenomena  connected  with  the  expansible 
properties  of  air — the  ordinary  atmosphere — have  long  attracted  the 
attention  of  scientists,  and  have  been  largely  availed  of  by  practical 
men.  Air,  in  common  with  all  gases,  increases  in  volume  or  bulk 
by  an  amount  equal  to  one-third  of  its  original  bulk.  Accurately  it 
is  more  than  this,  being  37*5  in  place  of  33*3  parts  in  100,  under  an 
increase  of  temperatiffe  of  180°  from  the  freezing  to  the  boUing 
point  of  water.  This  property  of  common  air  has  been  largely  taken 
advantage  of  in  recent  times.  Upon  the  ready  and  large  dilatation 
or  expansion  of  air  depends  the  working  of  what  are  called  heat 
engines — ^that  is,  prime  motors  in  which  air  dilated  or  expanded  by 
heat  is  made  to  work  the  piston  in  place  of  steam. 
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Latent  Heat. 

In  the  great  majority  of  our  industrial  processes  and  works  water 
plays  an  important  part.  Perhaps  the  more  rigidly  accurate  state- 
ment would  be  that  it  is  difficult  to  name  one  of  those  processes  or 
works  in  which  water  in  some  form  does  not  play  a  part.  In  another 
section  of  the  present  volume  we  have  endeavoured  to  give  as  full  an 
account  as  the  space  at  our  disposal  admitted  of  those  characteristics 
of  water  which  make  it  so  pre-eminently  and  so  universally  useful. 
And  perhaps  in  none  of  the  many  industrial  works  with  which  man 
is  daily  engaged  is  water  so  widely  and  so  appropriately  used  as  in. 
the  production  of  power  or  energy  capable  of  doing  the  widest 
possible  range  of  work,  and  this  through  the  agency  of  steam  and 
the  steam  engine.  So  markedly  appropriate  for  this  class  of  work, 
that  it  looks  as  if  water — the  universal  liuid,  as  it  has  been  called,  as 
it  is  met  with  everywhere,  and  under  the  widest  diversities  of  climate 
and  locality — had  had  its  chief  characteristics  given  to  it  specially 
to  meet  the  requirements  of  the  steam  engine.  This  feature  must 
have  struck  even  the  most  unobservant  of  our  young  readers  in 
perusing  what  we  have  given  on  the  general  subject  in  the  section 
devoted  to  water  in  the  present  volume.  Water  is  not  only  the 
most  economical,  but  the  most  readily  obtainable  of  all  the  sub- 
stances or  bodies  by  which  man  can  apply  "  heat,"  and  obtain  from 
it  its  most  valuable  qualities,  as  a  source  of  energy,  force,  or  power 
capable  of  doing  work  in  one  or  other  of  the  infinitely  numerous 
ways  in  which  what  is  called  mechanical  work  is  done.  In  dealing 
with  water  as  the  medium  by  which  heat  is  converted  into  me- 
chanical force  or  energy,  the  amount  of  heat,  or,  to  use  the  common 
expression,  the  temperature  or  degree  of  heat  present  in  any 
body  or  volume  of  water,  or  of  the  vapour  or  steam  produced  from 
it  through  the  agency  of  the  heat,  is  measured  or  ascertained  by 
the  thermometer.  This  appliance  of  the  engineer  or  machinist  we 
have  already  explained^  and  how  its  indications  are  made  manifest. 
The  heat  which  alone  influences  the  thermometer  is  that  known 
as  "  sensible  heat."  At  the  first  view  of  the  subject  the  young 
reader  will  be,  as  we  might  say,  natinrally  inclined  to  conclude  that 
this  sensible  or,  as  it  may  be  termed,  thermometric  heat  is  and 
can. only  be  the  one  or  sole  class  of  heat  which  exists  in  water  which 
is  being  heated  for  the  production  of  steam.  But  when,  in  glancing 
over  a  book — as  young  readers  will  glance  at  it  on  first  obtaining  it — 
he  comes  across  such  a  phrase  as  ^^  latent  heat,"  contrasting  it  with 
and  writing  about  it  as  i^  it  were  something  quite  diflerent  from 
sensible  or  thermometric  heat,  he  begins  to  think  that  the  subject  ia 
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more  complicated  or  difficult  to  deal  with  than  he  thought  of  at 
first.  Nor  is  he  far  wrong,  judging  by  the  way  in  which  certain 
phenomena  were  dealt  with  and  their  existence  attempted  to  be 
explained  by  the  scientific  men  who  made  the  subject  their  special 
study  years  ago.  And  it  is  not  the  least  of  the  many  and  great 
advantages  which  have  flowed  from  such  investigations  as  those 
made  by  Joule,  to  which  we  have  already  alluded,  that  they  have 
enabled  difficulties  to  be  got  rid  of,  and  enigmas,  as  they  might  well 
have  been  called,  made  clear  in  connection  with  heat  and  its 
phenomena  and  manifestations  in  practice — difficulties  and  enigmas 
which  at  one  time  sorely  troubled,  as  indeed  they  trouble  still,  the 
scientific  and  practical  men  of  the  times  gone  by. 

What  the  points  are  involved  in  the  term  "  latent  heat,"  we  shall 
now  endeavour  to  explain.  Water  is  generally  known  to  us  in  this 
climate  in  two  forms :  ice,  and  a  liquid  or  fluid  to  which  the  name 
of  water  is  alone  given.  Ice  is  congealed  water  formed  into  a  solid, 
produced  by  the  water  having  been  deprived,  either  naturally  or 
artificially,  of  a  certain  proportion  of  its  heat.  To  these  may  be 
added  a  third — steam — which  is  the  vapour  of  water  produced  by 
the  application  of  heat,  the  particles  or  molecules  constituting  the 
normal  fluid  known  as  water  being  driven  apart  or  separated  so 
completely  that  they  assume  the  form  of  a  gas.  We  have  thus  three 
conditions  of  water,  all  of  which  can  be  formed  or  brought  into 
existence  by  the  way  in  and  the  degree  to  which  heat  is  applied. 
We  can,  by  depriving  water  of  its  normal  or  natural  heat,  bring  its 
molecules  or  particles  so  close  to  each  other  that  we  have  the  con- 
gealed mass  known  as  ice ;  or  we  can  take  the  vapour  of  water — 
steam — and,  by  depriving  it  of  its  contained  heat,  reduce  it  or  bring 
it  back  to  its  original  condition  of  water.  Conversely,  we  can  take  a 
lump  of  ice,  and  by  the  application  of  heat  break  it  up — drive,  so  to 
say,  the  molecules  or  particles  so  far  apart  that  water  is  formed ; 
just  as  we  can  by  the  application  of  heat  drive  the  molecules  of 
water  so  far  apart  that  they  form  a  vapour  or  gaseous  fluid.  In  all 
these  cases  heat  is  concerned,  and  of  this  a  certain  proportion  is 
sensible  heat  or  thermometric  heat,  as  ib  alone  is  made  manifest 
through  the  indicator  of  the  thermometer.  But  in  all,  the  amount 
or  degree  of  heat  of  which  the  thermometer  takes  no  cognisance, 
and  which  is  termed  latent  heat,  is  much  greater — say,  in  round 
numbers,  five  times  as  much.  Whence,  if  of  the  volume  of  heat 
used  so  very  much  of  it  goes  away  without  the  thermometer  or  any 
other  instrument  giving  us  any  information,  the  young  reader  will 
naturally  be  anxious  to  know  if  it  be  lost,  where  it  goes  to,  and  how 
it  goes ;  and,  if  it  be  not  lost,  what  the  office  is  which  it  performs, 
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and  how  we  can,  so  to  say,  get  hold  of  it  and  make  it  practically 
useful. 

If  we  take  a  piece  of  ice  and  apply  heat  to  it — as,  for  example, 
by  placing  it  in  an  open  vessel  and  burning  a  petroleum  or  a  spirit 
lamp  below  it — we  find  that  after  a  certain  period  the  ice  begins  to 
melt  and  form  water.  If  the  thermometer  be  placed  in  this  water 
it  will  indicate  a  temperature  of  32°,  which  is  what  is  called  the 
point  below  which  water  freezes,  forming  ice.  As  the  heat  is  con- 
tinued to  be  applied  to  the  vessel,  the  ice  goes  on  gradually  melting, 
till  at  last  it  wholly  disappears,  and  water  alone  is  found  in  the 
vessel.  Tested  by  the  thermometer,  the  temperature  is  still  as  before 
— 32°.  There  has  been  no  increase  of  heat  in  the  resulting  water, 
although  we  know  that  a  large  amount  of  heat  has,  beyond  all 
doubt,  been  sent  in  to  or  taken  up  by  the  vessel  and  its  contained 
lump  of  ice.  Let  us  suppose,  further,  that  the  melted  ice  or  water 
of  liquefaction,  at  a  temperature  of  32°  throughout  the  mass,  is 
continued  to  be  heated.  In  this  case  we  find  by  the  testings  of  the 
thermometer  that  the  temperature  gradually  rises,  until  at  last  it 
reaches  the  point  marked  212°  on  the  scale  of  the  thermometer. 
When  this  point  is  reached — the  heat  being  still  continued — the 
water  gradually  lowers  its  level  in  the  vessel  until  it  disappears 
altogether,  and  in  popular  language  it  is  "  dried  up  "  or  "  boiled 
away."  In  technical  terms,  the  water  has  been  evaporated  and 
has  passed  off  into  the  open  air  as  a  vapour  of  water — otherwise 
called  steam.  But  in  order  to  boil  the  water  away — to  change  it 
into  vapour  or  steam — it  is  necessary  to  continue  the  operation  of 
boiling ;  in  other  words,  to  continue  the  application  of  heat.  Now, 
although  we  know  that  the  heat  has  been  applied,  and  that  therefore 
it  has  continued  to  flow  in  or  pass  to  the  water  contained  in  the 
vessel,  yet,  after  the  water  begins  to  boil — that  is,  when  the  tem- 
perature has  rifi^Bn,  as  shown  by  the  thermometer,  to  212° — there  is 
no  further  rise :  it  continues  to  stand  at  that  point,  and  all  through 
the  period  in  which  the  water  keeps  boiling  and  until  it  is  all  "  boiled 
away  "  or  changed  into  vapour  or  steam.  Now  let  us  suppose  that 
the  time  taken  to  raise  the  temperature  of  the  melted  ice  or  water  of 
its  liquefaction  from  the  temperature  of  32°,  which  is  the  normal 
temperature  of  melted  ice  water,  up  to  212°,  which  is  the  normal 
temperature  of  boiling  water,  has  been  ten  minutes,  and  that  there- 
fore so  many  units  of  heat  have  been  sent  into  and  taken  up  or 
absorbed  by  the  water  during  that  period,  those  being  supplied  by 
the  burning  of  the  petroleum  or  spirit  lamp.  Let  us  further  suppose 
that  to  boil  away  or  evaporate  into  steam  has  also  taken  ten  minutes. 
The  same  number  of  units  of  heat,  assuming  the  lamp  to  burn  at 
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the  same  rate,  must  have  passed  into  the  water  in  the  second  period 
as  passed  into  it  during  the  first  period.  If  thus  it  took  so  many 
units  of  heat  to  raise  the  temperature  of  the  water  from  32°  Fahr. 
to  212°  Fahr.,  how  is  it — the  young  reader  may  ask — that  the  same 
number  of  units  of  heat  are  required  to  boil  away  or  evaporate 
the  whole  of  the  water  after  it  has  reached  the  temperature  of  212°  ? 
Or  the  question  may  be  put  in  another  way :  how  is  it  that  any 
more  heat  is  required?  It  would  not  require  any  more,  for  we 
know  beyond  a  doubt  that  the  water  while  being  boiled  or 
evaporated  away  does  not  rise  a  single  degree  in  temperatiu*e ;  it 
remaining,  as  we  have  seen,  stationary.  The  heat  is  being  regularly 
and  continually  produced  by  the  lamp,  and  it  is  also  sent  into  the 
vessel  as  before ;  and,  though  it  then  went  to  raising  the  temperature 
of  the  melted  ice  water  from  32°  to  212°,  wherever  it  goes  it  does 
not  go  to  the  boiling  water,  for  that  keeps  boiling  and  is  being 
steadily  evaporated  away ;  its  temperature  does  not  rise.  It  is  not 
lost — it  cannot  be  lost — for  nothing  is  ever  lost  in  the  operations  of 
nature  or  of  man.  The  conditions  or  circumstances  of  bodies  may 
be  changed,  but  the  elements  are  never  destroyed ;  they  remain  to 
form  new  combinations  with  other  bodies,  nothing  being  lost.  The 
scientists  of  former  days,  as  the  result  of  Dr.  Black's  investigations 
in  the  latter  part  of  the  last  century,  decided  that  the  heat  was 
**  latent "  or  "  concealed " ;  but  how  it  was  so  hidden  away,  and 
why,  they  could  not  tell.  And  somewhat  numerous — a  fow  of  them 
very  ingenious  if  not  very  tenable— were  the  theories  promulgated 
to  account  for  the  phenomena  which  the  practice  of  heating  displayed. 
It  seemed  to  them  that  the  easiest  if  not  the  most  satisfactory  way 
to  get  out  of  the  difficulty  was  just  to  assume  that  this  ''  lost"  or 
"  vagrant "  heat,  which  no  one  could  get  hold  of  or  say  even  where 
it  was,  was  as  they  termed  it  "  concealed  "  or  "  latent  '* — that  is, 
waiting  to  be  called  forth  and  to  be  yoked,  so  to  say,  to  some  useful 
purpose,  should  any  one  discover  a  way  of  dragging  it  forth  for 
service.  Somewhere  undoubtedly  it  was,  and  useful  as  all  other 
manifestations  were,  if  only  it  could  be  got  at.  For  it  certainly 
seemed  just  as  reasonable  to  suppose  that  it  would  be  a  sound  natural 
law  that  as  much  heat — at  all  events  some  heat — would  be  required 
to  continue  to  raise  the  temperature  of  the  water  after  it  began  to 
boil  as  it  did  before,  and  that  in  order  to  continue  boiling.  But  then 
the  law  was  that  no  more  heat  was  required  after  boiling  evaporation 
had  commenced  till  it  was  finished,  and  how  to  account  for  the  fact 
that  it  was  so  was  jast  the  difficulty. 
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Heat  and  Mechanical  Energy. 

And  difficulty  it  remained  until  Joule  appeared,  and  with  his 
grandly  inquiring  mind  discovered  the  great  truth  that  force  or 
power  or  work  done  was  heat.  Heat,  the  cause ;  force,  or  mechanical 
work,  the  effect :  or  it  was  just  as  true  conversely — namely,  that 
work  done,  force  or  power  exerted  or  at  command,  was  heat — that 
the  two,  in  brief,  were  simply  convertible  terms,  and  that  as  heat 
could  be  converted  into  work,  so  work  could  be  converted  into  heat. 
Now,  in  place  of  the  heat  in  the  cases  we  have  named  being  lost 
after  a  certain  point,  was  it  not  engaged  in  or  taken  up  expressly  for 
the  doing  of  work  ?  Once  this  idea  was  grasped,  all  the  difficulties 
connected  with  ^'  latent  heat ''  vanished,  as  did  latent  or  concealed 
heat  itself — if,  indeed,  that  could  vanish  which  never  had  an 
existence  save  in  the  imagination  of  men.  As  one  authority  has 
put  it,  the  concealed  heat  theory  was  at  once  discarded,  for  the 
**  best  of  all  reasons,  that  there  was  no  heat  to  conceal."  There  was 
heat,  no  doubt ;  but  it  had  not  been,  for  it  could  not  be,  lost — it  had 
its  work  to  do.     Let  us  see  what  that  work  was,  and  how  it  did  it. 

If  the  expenditure  of  any  number  of  degrees  of  heat  has  its 
equivalent  in  a  certain  amount  of  work  done — or,  to  put  the  point 
conversely,  if  any  amount  of  work  done  can  be  converted  into  or  is 
equivalent  to  a  certain  number  of  degrees  of  heat — there  must  be 
some  fixed  or  definite  law  regulating  the  amount  of  heat  required  to 
do  a  certain  amount  of  work ;  or,  what  is  the  same  thing,  a  certain 
amount  of  work  must  be  4pne  to  produce  a  certain  amount  of  heat. 
This  is  known  as  "  Joule's  law  of  the  mechanical  equivalent  of  heat," 
or,  briefly,  "  Joule's  equivalent."  All  work  done  is  so  much  force  or 
energy  produced,  applied  or  expended,  and  all  motion  is  the  product 
of  force  or  energy.  Motion  cannot  exist  without  force — is  itself,  in 
fact,  the  evidence  of  the  existence  of  force  or  energy,  or,  as  it  is 
frequently  designated,  mechanical  power.  In  a  previous  part  of  this 
volume  we  have  shown  how  mechanical  work  is  estimated :  this 
expression  in  use  to  denote  it  being — the  **  units  of  force  or 
mechanical  power  or  force."  A  unit  is  "a  pound  weight  lifted 
through  a  vertical  space  or  distance  of  one  foot  per  minute  of  time." 
The  expression  in  regard  to  heat  is  "  units  of  heat,"  and  a  unit  of 
heat  is  the  amount  or  degree  of  heat  required  to  raise  "  one  pound 
of  water  one  degree  in  temperature."  Now,  Joule  found  that  "  one 
unit  of  heat: — ^that  is,  the  amount  of  heat  required  to  raise  one  pound 
weight  of  water  to  the  extent  of  one  degree — is  equivalent  to  the 
mechanical  force,  power,  or  energy  required  to  raise  772  pounds  to 
the  height' of  one  foot,^  or,  what  is  the  same  thing,  to  raise  one  pound 
to  the  height  of  772  feet."    The  French  mechanical  equivalent  of  heat, 
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in  which  the  Centigrade  thermometer  is  used,  is  1393  pounds  raised 
one  foot  high  for  one  unit  of  heat — that  is,  for  the  heat  required  to 
raise  one  pound  of  water  one  degree  in  temperature.  Conversely,  if 
we  have  with  the  Fahrenheit  scale  work  done  equivalent  to  the  raising 
of  772  pounds  one  foot  high,  the  force,  energy  or  power  expended 
in  doing  that  work  will  be  equivalent  to  one  unit  of  heat — that  is, 
vdll  be  capable  of  raising  one  pound  of  water  one  degree  in 
temperature. 

Conversion  of  Heat  into  Mechanical  Force  the  Work  of  Latent  Heat 

so  called. 

Let  us  take  the  case  of  the  lump  of  ice  experiment  first.  Under 
the  old  hypothesis  or  theory,  the  heat  which  could  not  be  accounted 
for — which  did  not  affect  the  thermometer,  that  indicating  no  more 
than  32°,  although  heat  had  assuredly  been  sent  into  and  been  taken 
up  by  the  mass — had  simply  the  work  of  breaking  up  or  disinte- 
grating the  ice,  destroying  or  overcoming  the  cohesion  of  its  particles ; 
in  other  words,  melting  it.  Turning  now  to  the  case  of  the  water 
brought  to  the  boiling  or  vapour-producing  point,  212°,  from  the 
temperature  of  the  heat  of  liquefaction  or  32°.  After  the  boiling 
point  was  reached  we  saw  that,  although  a  large  amount  of  heat 
continued  to  be  passed  into  the  mass  or  body  of  boiling  water  con- 
tained in  the  open  vessel,  still  there  was  no  indication  of  the  presence 
of  the  heat  in  the  water,  as  that  still  continued  at  the  same  tem- 
perature, as  shown  by  the  thermometer — namely,  212°.  But  it  was 
no  more  lost  than  in  the  other  case  of  the  ice  water,  neither  was  it 
concealed;  it  simply  was  busy  doing  its  work,  that  work  being  this: — 
Water  is  believed  or  assumed  to  be  made  up  of  a  series  of  globules 
or  spheres,  of  size  so  inconceivably  small  that  they  may  be  called 
liquid  atoms.  These  spheres  are  so  related  to  each  other  that  they 
move  with  the  utmost  freedom  amongst  themselves,  and  may  be 
said  to  be,  under  ordinary  or  the  fluid  condition,  almost  always  in  a 
state  of  motion ;  this  creates  or  brings  about  a  condition  the  very 
opposite  of  steadiness,  a  mobility  which  makes  water  the  very  emblem 
of  fickleness :  "  unstable  as  water,  thou  shalt  not  excel."  This  move- 
ment may  be  caused  by  powers  or  influences  external  to  the  volume 
of  water, — as  by  the  wind  passing  over  its  surface,  or  by  causing 
the  vessel  in  which  it  is  placed  to  be  shaken  or  swerved  aside,  and 
suddenly  stopped.  This  may  be  called  the  mechanical  motion  of 
water.  The  other  motion  given  to  the  globules  or  spheres  of  water 
is  that  brought  into  action  by  the  application  of  heat  to  the  mass. 
This  is  termed  "  thermal  or  heat  motion,"  and  is  antagonistic  to  that 
power,   force,   property,   or  "something"  which  tends  to  keep  the 


THE  TECHNICAL   STUDENT'S  INTRODUCTION  TO   MECHANICS.   413 

globules  or  spheres  of  the  liquid  in  close  connection  with  each  other, 
and  to  which  the  name  of  "  liquid  attraction  "  may  be  given.  About 
this  at  present  we  know  nothing ;  which,  as  the  intelligent  reader 
knows,  can  with  equal  truth  be  said  regarding  many  other  matters  of 
science.  But  this  motion  of  water  derived  from  or  caused  by  the 
application  of  heat  is  conjectured,  on  the  new  theory,  to  be  that  of  a 
whirling,  circular  or  gyratory  motion — the  latter  word  from  gyroa^  and 
this  the  Greek  for  a  circle  round  a  centre  of  the  globules  or  spherical 
atoms.  This  goes  on  throughout  the  mass,  the  globules  forming  little 
groups  amongst  themselves,  so  to  illustrate  the  point,  each  group 
whirling  or  gyrating  round  its  own  particular  centre.  This  thermal 
or  heat  motion  may  be  said  to  be  constantly  going  on  in  masses  of 
water,  inasmuch  as  heat  is  always  present  in  water,  none  being 
absolutely  free  from  this  agent.  Aid  it  is  only  when  that  degree  of 
heat  is  reached  to  which  the  name  of  cold  is  given — that  condition 
of  a  low  degree  of  heat  relatively  to  some  higher  and  other  degree 
of  heat  (for  there  is  no  such  thing  as  absolute  cold  or  total  depriva- 
tion of  heat  so  far  as  w^e  know  or  may  reasonably  conjecture),  as  it  is 
only  when  the  water  becomes  congealed  into  the  solid  known  as 
ice — that  the  motion  of  the  water  or  movement  which  is  constantlv 
going  on  throughout  its  mass  or  volume  when  liquid,  ceases.  But 
should  heat  be  applied  to  the  ice  or  the  vessel  in  which  a  mass  of 
ice  is  or  masses  are  placed,  then  the  particles  of  ice  begin  to  get 
separated  from  each  other,  and  water  begins  to  form.  And  if  the 
application  of  heat  be  continued,  the  whole  of  the  ice  disappears  and 
a  certain  volume  of  water  takes  its  place.  Here,  as  we  have  already 
seen,  the  heat  obviously  goes  to  perform  some  kind  of  mechanical 
work,  and  that  can  only  be  the  disintegration  or  breaking  up  of  the 
solid  particles  of  ice,  changing  them  into  a  liquid  known  as  water. 
This  must  have  been  so,  or  some  process  analagous  to  it,  for  we  know 
that  the  heat  being  continued  must  have  passed  into  the  vessel  and 
from  thence  been  conveyed  to  the  ice  by  the  process  of  conduction  ; 
and  as  nothing  is  lost  and  seeing  that  it  does  not  go  to  raise  the  tempera- 
ture of  the  portion  of  water  formed,  the  temperature  remaining 
constant  till  the  whole  of  the  ice  is  melted,  it  must  have  gone  to  the 
doing  of  work — that  is,  breaking  up  the  ice— for  the  heat  cannot  be 
lost,  since  nothing  in  nature  is  lost,  the  conditions  only  being  changed. 
We  have  said  that  there  is  nothing  known  as  absolute  cold,  that  is, 
the  absence  of  all  heat ;  but  for  the  purpose  of  scientific  calculation 
it  is  agreed  by  scientists  to  take  461*2  or  46 1|^  degrees  below 
**  zero  "  of  the  Fahrenheit  scale  as  the  point  of  absolute  cold  below 
which  no  further  heat  is  supposed  to  be  capable  of  being  abstracted. 
This  view,  however,  is  only  conjecture,  and  is  adopted  only  for  the 
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purpose  above  named.  Let  us  now  suppose  that  the  application  of 
heat  to  the  vessel  containing  water  or  the  melted  ice  is  continued  : 
the  temperature  is  gradually  raised,  and  continues  rising  till  that  of 
212°  Fahrenheit  scale  is  reached,  when  it  ceases  to  rise;  but  if  the 
heat  be  still  applied  to  the  vessel  containing  the  water,  although  the 
temperature  does  not  rise  the  water  gradually  disappears  without 
the  temperature  having  been  in  the  slightest  degree  raised.  But 
here  again  the  heat  cannot  have  been  lost :  it  must  therefore  have  gone 
to  do  some  work,  and  that  work  is  by  advanced  scientists  conjectured 
to  be  the  formation  of  a  certain  class  of  movements  or  motions  in  the 
particles  of  water,  which  continues,  reaching  at  last  the  point  where 
the  particles  no  longer  cohere,  but  are  separated  from  each  other  and 
changed  into  the  vapour  known  as  steam.  We  thus  arrive  at  a 
condition  which  under  the  influence  of  artificially  applied  heat 
increments  or  particles,  forms,  in  fact,  a  theory  of  boiling  which  may 
be  compared  with  other  theories.  But  at  this  stage,  where  steam  or 
the  vapour  of  water  is  produced  by  what  is  called  thermal  or  heat 
motion,  another  class  of  motion  sets  in,  which  is  of  an  entirely 
opposite  or  converse  character. 

Tlie  Conversion  of  Heat  into  Mechanical  Force  in  the  Production  of  Steam 

in  Confined  Vessels. 

The  conversion  of  heat  into  force  or  power,  as  exemplified  in  the 
boiling  of  water,  in  the  way  already  explained,  is  now  to  be  discussed. 
Whereas  the  heat  or  thermal  motion  is  in  circular  lines,  the  new 
or  longitudinal  or  lateral  motion  acts,  as  this  last  term  indicates,  in 
straight  lines ;  and  so  acts  that  in  its  course  it  strikes  against 
or  comes  forcibly  in  contact  with  the  sides  of  the  vessel  in  which 
the  water  and  steam  are  contained.  As  these  strike  against  the 
solid  material,  in  virtue  of  this  longitudinal  straight-lined  motion, 
the  molecules  of  steam  rebound,  and  others  being  brought  up 
into  action  and  being  beyond  all  mental  conception  innumerable, 
there  is  thus  kept  up  a  perpetual  series  of  inconceivably  minute 
blows,  the  result  of  which  is  the  condition  or  property  to  which 
the  name  of  pressiu*e  is  given ;  and  by  consequence  this  second 
kind  of  motion  is  called  pressure  motion.  Here  we  have  a  conver- 
sion of  heat  into  mechanical  energy  so  great  that,  theoretically, 
the  heat  represented  by  one  pound  of  water,  vapour,  or  steam 
is  equivalent  to  considerably  over  half  a  million  of  foot-poimds, 
meaning  by  this  latter  term  the  power  or  force  which  would  raise 
or  lift  one  pound  in  weight  through  a  vertical  height  of  one  foot. 
Such  is  the  theory  now  held  by  the  most  advanced  of  our  scientists, 
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and  also  of  our  leading  practical  men.  And  although  much  of  it  is 
based  on  what  is  of  necessity  conjectural,  as  we  do  not  know — 
probably  shall  never  know — what  goes  on  in  the  processes  of  melting 
ice  and  boiling  water,  still  when  any  hypothesis  or  theory  falls  in 
or  squares  with  the  facts  we  do  know,  and  explains  in  a  satisfactory 
because  logical  or  reasonable  way  what  could  not  be  explained  at 
all  without  the  hypothesis,  we  may  conclude  with  some  confidence 
that  the  hypothesis  is  good,  the  theory  sound.  Assuredly  the 
great  discovery  of  Canot,  of  Mayer,  and  of  Joule,  that  heat  and 
mechanical  force  are  interchangeable  terms,  heat  being  convertible 
into  mechanical  force  or  power  capable  of  doing  mechanical  work, 
just  as  any  amount  of  work  done  can  be  converted  into  or  have  its 
equivalent  in  heat,  has  been  of  enormous  service  in  making  clear 
what  was  before  enveloped  in  the  deepest  obscurity,  and  in  giving 
to  the  practical  man  a  power  by  which  he  can  have  the  maximum 
of  mechanical  service  at  the  minimum  of  cost ;  of  not  less  service, 
therefore,  in  placing  the  whole  science  of  mechanical  work  on  a  true 
and  sound  basis.  The  term  "  latent  heat "  has  been  used  for  so  long 
a  period  both  by  scientific  and  practical  men,  has  got  so  embalmed 
as  it  were  in  the  language  of  the  learned,  so  stereotyped  in  the  text- 
books of  the  schools,  that  it  would  be  a  hopeless  task  the  trying  to 
get  it  done  away  with.  But  the  task  need  not  be  taken  in  hand, 
for  it  is  needless.  The  term  can  still  remain  in  use,  with  only  this 
most  important  reservation, — that  it  must  be  taken  to  mean  what 
really  exists,  taken  to  represent  the  heat  necessary  to  do  the  classes 
of  work  we  have  named.  Looked  at  in  this  way,  the  retention  of  the 
term  can  do  no  harm,  and  it  need  not  be  expunged  from  our  scientific 
dictionaries  and  text-books,  as  properly  interpreted  it  still  embodies 
and  may  always  embody  a  sound  scientific  truth. 

In  concluding  our  remarks  on  the  subject  of  latent  heat  so  called, 
it  is  right  that  certain  points  other  than  those  already  named  should 
be  placed  before  the  young  reader.  Using  the  term  latent  heat  in 
the  way  we  have  indicated  above,  as  being  the  heat  which  is  taken 
up  by  a  lump  of  ice  in  one  case  or  a  mass  of  water  in  the  other, 
to  do  work  other  than  melt  the  ice  or  bring  it  to  the  boiling  point, 
and  which  heat  is  distinguished  from  the  sensible  heat  or  that  which 
the  thermometer  displays,  the  fact  must  be  takep  i^pecial  note  of 
that  each  body  or  substance  has  got  its  own  "  sensible  heat "  point 
and  its  own  "  latent  heat "  point.  Thus  ice  has  for  its  melting  or 
sensible  heat  point  a  temperature  of  32°,  while  it  has  for  its  latent 
heat  point  140° :  that  is,  while  it  takes  32°  of  heat  to  melt  it,  the 
other  degrees  of  heat  which  it  takes  up,  but  which  are  not  shown 
by  the  thermometer,  are  140°  of  temperature.     This  extra  140°  so 
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called  of  latent  heat,  but  which  for  the  sake  of  precision  we  may 
here  call  "  work  heat,"  is  the  heat  required  to  do  the  work  of 
breaking  up  the  molecules  of  the  ice,  destroying  the  cohesion  of 
these  in  Uquefying  the  mass.  Hence  this  heat  extra  to  that  of  the 
sensible  heat  is  sometimes  called  the  **  heat  of  liquefaction  " — ^that 
is,  of  the  work  of  liquef3dng  the  ice.  In  like  manner  the  *^  sensible 
heat "  shown  by  the  thermometer  in  boiling  water — ^that  is,  raising 
the  temperature  of  liquefied  ice — that  is,  a  liquid  at  32°  from  this 
point,  the  boiling  point  is  212°;  but  the  "latent  heat"  so  called  is 
greatly  in  excess  of  this,  namely,  1000°.  And  this  1000®  has  the 
work  to  do  of  breaking  up  the  water  heated  by  the  "  sensible  heat " 
up  to  212°,  of  destroying  the  natural  cohesion  of  the  particles  of 
water,  and  of  driving  them  off  from  the  great  body  of  boiling  wat«r 
in  the  open  vessel  into  the  open  air  in  the  form  of  vapour  or  steam  ; 
so  that  this  heat  extra  doing  work  1000°  may  be  called  the  "heat 
of  vaporisation,*'  the  other  degrees  of  heat,  212°,  being  the  "  heat  of 
boihng."  The  sums  of  the  two  classes  of  heat  are  always  a  constant 
sum.  We  know  that  when  steam  is  produced  in  a  closed  steam-tight 
vessel  or  boiler,  the  higher  the  temperature  the  greater  the  pressure 
which  the  steam  will  exercise  on  any  body  presented  to  its  direct  action 
or  influence.  Or  the  truth  may  be  stated  conversely, — the  greater  the 
pressure  of  the  steam  the  higher  is  its  temperature.  Now,  no  matter 
what  the  temperature  of  the  steam  in  a  closed  vessel  may  be,  and 
by  consequence  its  pressure,  the  amount  or  degree  of  heat  in  the 
steam,  and  in  the  mass  of  boihng  water  from  which  it  is  produced, 
never  varies,  but  always  bears  the  same  ratio  or  proportion  to  each 
other,  so  that  the  combined  amount  of  the  two  is  ever  a  constant 
sum.  From  this  it  follows  that,  while  the  heat  due  to  the  tempera- 
ture of  the  steam  increases,  that  due  to  the  latent  heat  decreases ; 
the  excess  of  the  one  making  up  for  the  deficiency  of  the  other,  so 
that  when  added  together  the  same  constant  sum  is  met  with.  Thus, 
if  we  take  the  temperature  of  the  steam  to  be  212°,  and  take  the 
difference  between  this  and  32°,  the  temperature  of  the  melting 
point  of  ice,  we  have  212° -32°=  180°;  to  this  we  add  1000°,  which 
we  have  seen  is  the  amount  of  latent  heat  in  this  case,  and  which 
is  always  maintained  as  the  normal  temperature  in  all  questions 
relating  to  steam,  which  makes  the  combined  amount  1180°.  If 
now  we  have  steam  at  a  much  higher  temperature— at,  say,  400° — 
and  by  consequence  a  much  higher  pressure  in  the  steam,  we  find 
the  latent  heat  decreased  thus :  from  1 180°  we  take  400°,  which  leaves 
780°,  and  gives  the  amount  of  latent  heat  at  400° ;  we  have  only 
to  add  to  this  780°  the  temperature  of  the  steam,  which  is  400°, 
when  we  get  again  the  constant  quantity  or  amount  of  1180°. 
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General  Phenomena  connected  with  Air  and  Aeriform  Fluids ;  or  Work  which 
is  called  in  the  Science  of  Physics,  Pneumatics. 

As  named  in  another  paragraph  in  the  preceding  section,  the 
terms  "  hot "  and  "  cold  "  are  purely  relative — that  is,  terms  of  degree. 
Only — as  we  know  not  what  constitutes  absolute  heat  or  what 
absolute  cold — a  body  may  be  said  to  be  " hot"  when  compared  with 
another  body  of  lower  temperature  than  it  is  ;  but  with  equal  truth 
it  may  be  said  to  be  cold  comparing  it  with  another  body  of  a  higher 
temperature.  So  in  like  manner  it  may  be  said  that  the  terms 
"  solid "  and  "  liquid,"  or  "  gaseous,"  or  "  aeriform,"  are  purely 
relative  ones — that  is,  as  to  "  condition  "  of  the  substance  or  body 
in  relation  to  heat,  either  naturally  or  normally  present.  Thus,  if 
heat  be  added  to  a  mass  of  ice  it  melts,  and  the  solid  no  longer  exists ; 
it  becomes  liquid :  add  heat  to  this  fluid,  it  is  changed  into  an  aeriform 
fluid  or  gas,  which  we  call  steam,  and  the  liquid  no  longer  exists. 
We  take  a  piece  of  iron  metallic  ore,  which  is  a  solid,  and  subject  it 
to  a  high  temperature ;  we  change  the  solid  to  a  fluid  metal,  which 
can  be  poured  or  cast,  and  we  set  free  an  aeriform  fluid  or  gas 
which,  if  left  free,  rises  in  the  atmosphere  and  forms  one  of  its 
constituents.  Having  different  and  differing  constituents — a  fact 
found  out  by  early  physicists  by  careful  experiments — air  is  now 
known  to  be  a  compound  gas,  not  a  simple  element,  as  the  ancients 
thought  it  was,  having  peculiarities  of  its  own  which  could  not  be 
changed  or  altered,  being,  as  they  thought  it,  one  of  the  four 
essential  elements — the  other  three  being  fire,  earth,  and  water. 
But  in  all  the  forms  or  conditions  above  named,  as  the  change  of  ice 
to  water  and  of  water  to  steam,  and  of  the  solid  iron  ore  to  a  fluid, 
the  gas  of  which  has  been  set  free,  the  relations  of  the  bodies  or 
substances  are  in  themselves  in  no  wise  changed,  but  could  again, 
by  an  alteration  of  their  condition  in  relation  to  heat,  be  brought 
back  to  their  original  state.  Considered  by  itself,  we  need  not  be 
surprised  at  the  conception  of  air  or  of  our  ordinary  atmosphere 
held  by  the  ancients  as  of  a  something  devoid  of  the  characteristics 
of  solids,  as  it  was  invisible  to  the  eye.  But  it  was  long  before 
scientific  men  so  called — and  that  only  after  generations  of  thinkers 
and  investigators  or  experimenters  had  passed  away — found  out 
that  air  was  so  far  from  being  a  simple  substance,  it  was  composed 
for  the  most  part  of  two  gases — oxygen  and  nitrogen — with  infini- 
tesimal quantities  of  nearly  every  other  substance  known  to  man. 
But  more  than  this,  it  was  discovered  that  it  was  a  ponderable  body, 
the  weight  of  which  could  be  measured,  and  the  power  of  which, 
when  under  the  action  of  a  force,  could  be  felt.  Possessing  weight, 
the  air  above  and  around  us  everywhere,  at  all  times  and  under  all 
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circumstanceB,  must  therefore  press  upon  the  bodies  on  the  surface 
of  the  earth,  and  for  some  distance  above  it,  with  a  certain  pressure 
or  force ;  and  as  pressure  is  as  the  depth  in  a  column  of  water,  so 
the  higher  we  ascend  the  air  or  atmosphere  the  lighter  do  we  find 
the  air  become,  and  the  less  the  pressure  it  exerts  upon  a  body 
subjected  to' its  influence ;  and  it  follows  from  this  that  the  greatest 
pressure  the  air  shows  is  at  the  surface  of  the  ground,  and  this  at 
the  level  of  the  sea.  The  higher  we  ascend,  as  in  a  balloon,  the 
lighter  or  more  rarefied  the  air  becomes,  till  it  reaches  the  utmost 
limit  of  rarity.  Thus  at  a  height  of  fifty  miles  it  ceases  to  exist,  and  a 
vacuous  space  reigns  in  which  the  heavenly  bodies  take  their  ceaseless 
and  mysterious  courses,  and  through  which  the  light  and  heat  rays 
penetrate  in  their  course  to  the  earth  from  the  sun,  the  great  source 
of  light  and  heat.  The  air  being  a  ponderable  body,  possessing 
weight — a  cubic  foot  bulk  of  it  weighing  1*25  ounce — ^it  exercises  a 
force  or  pressure  upon  all  bodies  subjected  to  it.  This  pressure  at 
the  level  of  the  sea,  or  practically  at  the  surface  of  the-globe,  amounts 
to  what  is  equal  to  a  weight  of  1 5  lbs.  upon  every  square  inch  of 
surface.  As  there  are  many  square  inches  on  the  surface  of  a  man's 
body,  the  pressure  of  the  air,  amounting  to  some  tons,  would  so 
inevitably  crush  the  life  out  of  him  that  some,  ignorant  of  the 
subject,  deny  that  air  has  weight,  does  exercise  pressure,  seeing,  as 
they  with  apparent  truth  say,  that  such  a  pressure  would  kill  a  man. 
But  they  forget  that  the  same  pressure  of  air  exists  within  the  body, 
tending  to  press  it  outwards,  as  is  exerted  on  the  outside  tending  to 
press  it  inwards ;  and  the  pressures  being  equal  in  both  cases  they 
are  balanced,  so  that  not  the  slightest  inconvenience  is  felt  by  the 
body.  That  air  does  exercise  a  force  or  pressure  can  be  experiment- 
aUy  shown  by  taking  some  vessel,  as,  say,  of  glass :  if  the  air  be  pumped 
out  from  its  interior,  so  that  a  vacuum  is  created  in  it,  and  its  form 
is  a  weak  one — as,  for  example,  an  oblong  one  with  flat  ends — it 
will  instantly  collapse  or  be  crushed  into  fragments,  the  atmospheric 
pressure  on  the  exterior  crushing  ft  inwards.  The  same  result — 
collapse — ^is  witnessed  sometimes  in  a  steam-engine  boiler  made  of 
thick,  strong  iron  or  mild  steel  plates,  in  the  interior  of  which, 
through  defective  working  or  neglect,  a  vacuum  more  or  less  perfect 
is  formed.  Conversely,  air  can  be  shown  to  exercise  pressure  or  force 
by  tying  tightly  up — so  as  to  be  air-tight — ^the  orifice  of  a  thin 
bladder ;  this,  normally,  is  filled  with  air  of  the  same  temperature  as 
that  of  the  air  surrounding.  Place  the  bladder  in  its  somewhat 
flaccid  and  half -filled  condition  near  a  fire  or  upon  a  hot  plate — as 
that,  for  example,  of  a  kitchen  cooking  range — as  the  heat  is  passed 
from  the  fire  or  the  plate  to  the  bladder,  and  from  that  to  the  air 
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contained  within  it — the  loose,  crumpled,  and  partly-filled  bladder 
will  gradually  become  tight,  as  if  it  were  being  filled  with  air  by 
some  one  blowing  larger  supplies  of  air  into  its  interior ;  and  if  the 
heat  be  continued,  it  will  become  so  stretched  and  tight  that  the 
skin  or  membrane  will  give  way  and  the  bladder  will  burst  with  a 
report  more  or  less  loud.  Tf,  in  place  of  allowing  increased  heat  to 
pass  into  the  bladder,  after  being  extended  till  it  is  quite  tight 
and  stretched  out,  it  is  taken  away  from  the  heating  medium,  fire 
or  hot  plate  as  the  case  may  be,  and  placed  so  that  it  will  get  cool,  as 
it  cools  it  will  be  observed  that  the  tightness  gradually  relaxes,  till  at 
last,  the  air  becoming  of  the  normal  temperature  of  the  air  around 
it,  it  assumes  the  same  flaccid,  half-filled,  crumpled  form  it  originally 
possessed.  If,  while  the  bladder  has  become  pretty  well  stretched 
out  and  tight,  it  be  pressed  upon  by  the  hand,  it  will  be  observed 
that  it  can  be  so  compressed  or  squeezed  that  it  will  take  up  less 
space;  but  that,  on  removal  of  the  pressure  by  the  hand,  it  will 
instantly  regain  its  original  bulk  and  shape,  springing  back,  as  it 
were,  from  the  flattened  or  compressed  condition  instantaneously  to 
its  original  stretched  condition.  Finally,  if  while  the  bladder  is 
extending  under  the  influence  of  heat  a  weight,  greater  or  less 
according  to  its  dimensions,  be  laid  on  the  surface  of  the  bladder, 
its  extension  or  stretching-out  will  have  force  or  power  sufficient  to 
raise  this  weight ;  but  the  latter  will  fall  and  resume  its  previous 
position  on  the  bladder  being  cooled  to  its  original  low  or  normal 
temperature. 

General  Phenomena  connected  with  Air  and  Aeriform  Fluids  or  Gases — 

Elasticity — Compressibility. 

The  simple  experiment  explained  in  preceding  paragraph  puts  the 
student  in  possession  of  one  or  two  important  truths.  As  for  example 
that  compared  with  other  fluids — but  which  we  call  from  their  physical 
or  material  condition  liquids,  such  as  water,  the  most  generally  and 
universally  met  with  liquid — air  is  possessed  of  extreme  lightness  or 
rarity.  The  bladder  in  the  experiment,  with  its  normal  supply  of 
air,  weighing  if  tested  by  a  very  delicate  balance  but  an  infinitesi- 
mally  small  weight  greater  than  that  of  the  bladder  itself,  and  that 
when  expanded,  filling  the  bladder  tightly,  so  as  to  give  it  the 
appearance  of  a  much  greater  bulk  or  size,  it  weighs  precisely  the  same 
as  before,  and  would  do  so  if  the  same  quantity  or  volume  of  air  were 
allowed  to  expand  into  a  bladder  many  times  larger  than  the  first 
one  used.  Secondly,  the  experiment  teaches  the  youthful  student  in 
pneumatics  that  air  is  possessed  of  great  elasticity,  that  a  given  bulk 
or  volume  is  capable  of  being  extended  under  the  influence  of  heat  to 
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a  condition  of  extreme  rarity,  occupying  a  space  or  volume  very  much 
larger  than  the  original  bulk  or  volume;  thus  showing  that  the 
particles  or  molecules  of  air  are  capable  of  being  repelled  to  a  great 
distance  from  each  other,  and  that  this  condition  of  great  extension 
of  volume  under  the  influence  of  heat  is  done  away  with  on  the  air 
being  allowed  to  cool,  the  particles  assuming  their  original  condition 
close  or  comparatively  close  to  one  another.  Again,  that  this 
normal  condition  may  conversely  be  changed  by  subjecting  the  air  to 
pressure ;  it  may  be  made  to  occupy  less  space  than  it  did  in  its 
normal  or  ordinary  condition.  And  it  follows  from  this  that  a  vessel 
containing  or  capable  of  holding  under  normal  circumstances  a  certain 
volume  or  bulk  of  air,  of  so  many  cubic  inches  or  feet,  can  by  artificial 
means,  as  pumping,  have  a  very  much  greater  number  of  cubic 
inches,  or  a  greater  volume  squeezed  or  forced  into  it,  thus  placing 
the  particles  or  molecules  together  in  a  very  much  closer  contact  or 
relation  to  each  other  than  in  its  normal  or  ordinary  condition ;  and 
that  on  the  pressure  being  removed,  or  a  cock  opened,  the  air,  in 
virtue  of  its  high  elasticity,  is  forcibly  expelled  from  the  vessel,  till 
finally  the  air  in  it  resumes  its  original  condition.  Thus  air,  by 
virtue  of  its  great  elasticity,  is  as  capable  of  great  compression  into 
small  as  it  is  of  great  extension  into  large  space  or  volume.  Finally, 
as  can  be  easily  tested  in  the  bladder  experiment,  by  manipulating 
or  kneading  it,  air  is  shown  to  possess  extreme  mobility — its  particles 
moving  or  flowing  in  any  direction  indicated  by  some  applied  force, 
pressure,  or  power  with  the  greatest  of  ease — a  peculiarity  which  it 
shares  along  with  all  other  aeriform  fluids  or  gases,  and  with  the 
liquids,  as  water. 

From  the  characteristics  of  the  ordinary  or  atmospheric  air  flow, 
so  to  say,  several  laws,  which  affecting  the  treatment  of  air  and  of 
aeriform  fluids,  such  as  steam,  and  of  gases,  in  various  industrial 
processes  as  carried  out  by  man,  are  of  the  greatest  practical 
importance  to  him.  We  have  said  that  as  in  the  case  of  water — a 
liquid  fluid,  so  also  in  that  of  air — a  gaseous  or  aeriform  fluid,  the 
pressure  it  exercises  on  any  surface  is  in  proportion  to  the  height  of 
the  column  above  it ;  and  that  the  height  of  the  natural  column  of 
air  taken  at  fifty  miles  exerts,  so  to  say,  a  pressure  upon  all  surfaces 
at  the  level  of  the  sea  of  15  lb.  on  each  square  inch  of  their  area  or 
surface.  Now,  if  we  could  double  the  height  of  the  atmospheric 
column,  we  should  obviously — inasmuch  as  the  pressure  is  as  the 
height— increase  the  pressure  on  bodies  at  the  sea-level  to  twice 
15,  or  301b.  to  the  square  inch;  or,  what  is  the  same  thing,  if  by 
artificial  means  we  press  into  a  vessel  which  contains  normally  a 
certain  volume  of  air — ^say  one  cubic  foot,  two  cubic  feet,  or,  what 
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is  still  the  same  thing  in  effect,  if  we  compress  the  one  cubic  foot  so 
that  it  occupies  only  half  the  space  it  did  at  the  first — we  in  all 
the  three  cases  double  the  pressure.  Roughly  estimated,  the  gravity, 
weight,  or  density  of  the  air  at  the  ordinary  or  normal  pressure 
of  15  lb.  to  the  square  inch  at  the  gea -level  is  represented  by,  or  is 
equal  to,  an  ounce  and  a  quarter  avoirdupois  or  an  ounce  troy  for 
each  cubic  foot,  so  that  by  increasing  the  pressure  of  air  by  com- 
pressing it  into  a  less  space  than  it  before  occupied,  till  we  get  with 
half  the  space  double  pressure,  the  density,  gravity  or  weight  is  also 
doubled;  with  compression  into  one-third  the  space  we  get  with  trebled 
pressure  a  threefold  density,  and  so  on.  Inversely  stated,  the  same 
principle  is  manifested ;  for  if  we  by  heat  allow  air  to  expand,  as 
say  into  twice  the  space  or  volume  it  occupied  before,  we  have  by  con- 
sequence a  lessened  pressure  equal  to  one-half,  or  say  seven  and  a 
half  pounds  to  the  square  inch,  -and  a  density  or  weight  of  half  an 
ounce  troy.  If  it  is  allowed  to  expand  into  a  space  three  times  as 
large  as  its  original  bulk  or  volume,  the  pressure  is  reduced  threefold, 
or  to  five  pounds  the  square  inch,  with  a  density  or  weight  equal  to 
one-third  of  an  ounce  troy.  The  law  regulating  the  proportion  of 
pressure  and  density  or  weight  of  air  or  aeriform  fluids  and  gases  to 
their  bulk  or  volume,  their  expansion  or  compression,  is  one  of  the 
most  important  to  practical  men  connected  with  mechanics  and  the 
industrial  arts.  It  was  first  announced  by  the  celebrated  philosopher 
Boyle,  and  more  precisely  at  a  later  date  by  Mariotte,  a  Continental 
physicist,  and  is  known  universally  as  "  Mariotte's  law,"  and  is 
explained  thus  :  that  the  "  expansion  of  air  or  of  a  gaseous  fluid — 
that  is,  the  space  which  it  occupies — is  in  an  inverse  ratio  to  the 
pressure  to  which  it  is  subjected.''  Or,  as  otherwise  and  conversely 
stated,  the  pressure  to  which  air  or  gas  is  subjected  is  in  an  inverse 
ratio  to  the  space  it  occupies,  or  its  degree  of  expansion.  In  all 
cases  of  trial  or  comparison  it  is  understood  that  the  temperatures 
and  the  volumes  or  quantities  of  air  or  of  gaseous  fluids  are  the 
game. 

Mariotte's  law,  as  we  shall  see  in  the  special  volume  devoted  to 
the  subject,  has  the  closest  of  bearings  on  the  practical  designing  and 
working  of  the  steam-engine.  Let  us  suppose  abed,  fig.  82,  to  bo  a 
cylinder  provided  with  a  piston  e  e,  having  its  piston  rod  /  passing 
through  an  air-tight  stuffing  box  placed  in  the  cover,  a  6,  of  the 
cylinder.  Let  us  further  suppose  that  the  piston  e  e  is  at  the  top  of 
tlie  cylinder,  at  line  a  6,  and  the  space  of  cylinder  below  the  piston 
filled  with  air  at  the  normal  or  ordinary  atmospheric  pressure  :  if 
we  then  press  the  piston  downwards — the  quantity  of  air,  of  course, 
remaining  still  the  same— till  it  reaches  the  point  at  ee,  or  half  of 
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its  height,  while  we  have  thus  diminished  by  one-half  the  space  in 
which  the  same  quantity  of  air  as  before  must  still  find  a  place, 
the  result  is  that  the  pressure  which  this  now  compressed  air  exerts 
upon  the  under  surface  of  the  piston,  and  upon  the  bottom  and  wall 
of  cylinder  below  it,  will  be  increased,  and  this  in  proportion  to  the 
diminution  of  the  cubical  space  in  which  the  air  remains.  The 
volume  of  air  •is,  with  piston  at  the  point  e  e,  reduced  one-half ; 
the  pressure  is  not  one-half,  but  twice  as  much.  If  we  push  the 
piston  e  e  farther  down,  till  it  reaches  the  line  g  g,  one-third  of 
the  entire  height  of  cylinder,  a  c  or  b  d,  we  obviously  reduce  or 
diminish  the  volume  of  air  two-thirds  of  its  original  volume  when 
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the  piston  was  at  the  top,  as  at  line  a  h ;  and  in  proportion  to  this 
reduction  of  space  occupied  by  the  air — one-third  of  the  height  of 
cylinder — we  in  the  same  proportion  increase  the  pressure,  and  this 
in  virtue  of  Mariotte's  law  is  not  three  times,  as  the  youthful 
student  might  naturally  suppose,  but  nine  times ;  if  jthe  piston  is 
depressed  till  it  reaches  a  point  below  g  g — one-fourth  of  the  whole 
height  of  cylinder — then  we  have  reduced  or  diminished  the  space 
occupied  by,  and  necessarily  the  volume  of,  the  air,  and  in  proportion 
increased  the  pressure  which  the  air  exerts  upon  the  under  side  of 
piston  e  e  and  the  bottom  and  well  of  cylinder  below  it ;  and  this  is 
not  four  times  the  original  pressure,  but  by  Mariotte's  law  sixteen 
times  this.  Let  us  now  see  the  converse  of  these  operations.  With 
the  piston  at  the  point  last  named — one-foiu*th  of  the  whole  distance 
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b  d  from  the  bottom — ^let  us  raise  the  piston  till  the  space  below  it  is 
doubled.  We  shall  then  have  with  increase  of  the  volume  of  air,  or, 
what  is  the  same  thing,  with  increase  of  space  occupied  by  it  or  into 
which  it  expands,  diminished  pressure.  This  will  be  so  diminished 
that  the  air  will  press  upward  on  the  under  side  of  piston  e  e  with 
one-half  only  of  the  original  pressure.  By  Hfting  or  raising  the 
piston  e  e  till  it  reaches  a,  one- third  from  the  top  of  the  original  full 
height,  the  volume  of  air  or  the  space  into  which  the  air  expands 
will  be  increased ;  and  in  proportion  the  pressure  which  the  air  exerts 
upon  the  under  side  of  piston  diminished.  This  will  not  be  equal,  as 
the  young  reader  at  first  sight  may  be  disposed  to  think,  to  one-third, 
but  one-ninth  of  the  original  pressure.  With  the  piston  lifted  up 
till  only  one-fourth  of  the  original  height  was  reached,  the  volume 
would  be  increased,  and  in  proportion  the  pressure,  according  to 
Mariotte's  law,  diminished,  so  that  it  would  be  one-sixteenth 
of  the  original  pressure.  If  a  valve  were  placed  at  the  point 
shown  at  the  upper  part  of  the  cylinder  opening  outwards  to  the 
external  air,  on  lifting  the  piston  e  6,  the  air  in  the  space  h  h  above 
it,  acted  upon  by  its  pressure  tending  to  compress  the  air  within 
the  space,  would  lift  the  valve,  and  would  pass  through  the  opening 
with  a  velocity  and  with  a  sound  more  or  less  sharp  in  proportion 
to  the  rapidity  with  which  the  piston  ee  was  raised,  and  to  the 
excess  of  its  compression  above  that  of  the  ordinary  atmosphere 
externally  surrounding  the  cylinder  abed.  In  this  case,  while 
on  the  one  hand  the  air  above  the  piston  6  e  in  space  h  h  was  being 
placed  under  compression,  giving  the  force,  so  to  say,  for  lifting 
the  upper  valve,  on  the  other  hand  the  air  in  the  space  g  g  below  the 
piston  6  e  would  expand  or  dilate,  and,  in  accordance  with  the  law 
of  Mariotte,  act  with  less  pressure  upon  the  under  side  or  surface 
of  the  piston  6  6  in  proportion  as  it  was  lifted  up ;  and  if  the  space  h  h 
above  it  were  large  enough  when  it  reached  the  upper  extremity 
of  its  stroke,  the  air  below  it  in  space  gg  might  be  so  dilated 
or  expanded  as  to  give  minimised  or  least  pressure  on  its  under 
side.  If,  however,  there  were  no  valve  at  the  upper  point  opening 
outwards,  and  the  space  h  h  above  the  piston  large  enough  to  admit 
of  a  high  degree  of  compression  in  the  air  in  the  space  hh,  while 
the  dilatation  or  expansion  of  the  air  in  space  g  g  below  the  piston 
was  carried  out  to  a  considerable  extent,  the  pressure  of  the  highly 
compressed  air  in  the  space  h  h  acting  on  the  upper  side  of  the  piston 
6  e  would  be  such  that,  if  the  piston  rod  /  were  released  from  the 
lifting  grasp  of  the  experimenter,  it  would  be  forced  or  driven  down- 
wards with  such  a  velocity  and  force  striking  the  bottom,  c  d,  of  the 
cylinder  with  greater  or  less  force  in  proportion  to  the,  degree  to 
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which  compression  above  the  piston  in  space  h  h  had  been  carried 
out.  And  the  pressure  thus  created  on  the  upper  side  of  piston  e  e 
would  be,  in  accordance  with  the  law  of  Mariotte, — the  higher  the 
piston  was  raised  in  the  cylinder  and  the  less  the  space  h  h  became, 
the  greater  the  pressure  at  the  upper  surface  of  piston;  and  as 
pressure  is  equal  in  all  directions — upon  tiie  cover  a  h  and  sides  of 
the  cylinder  above  e  e — and  as  a  pressure  or  force  always  takes  or 
act8  in  the  direction  of  the  line  or  point  of  least  resistance — that  is, 
flies,  so  to  say,  to  the  weakest  part,  or  that  which  offers  the  least 
strength  or  resisting  power — should  any  part  of  the  cylinder  above 
the  piston,  or  any  part  of  the  piston  itself,  be  of  less  strength  than 
that  necessary  to  resist  the  pressure,  that  part  will  rupture  or  break 
away.  Thus,  by  forcing  air  into  a  vessel — that  is,  putting  it  into 
a  highly  compressed  state — any  weak  part — that  is,  with  a  less 
strength  or  resisting  power  to  the  exercise  of  force — in  the  vessel 
will  be  discovered  by  this,  the  weakest  part  giving  way  or  rupturing 
under  the  air  pressure.  And  as  it  is  easy,  by  means  of  a  valve 
arrangement  similar  to  that  of  the  safety  valve  of  a  steam  engine, 
to  know  the  exact  amount  of  pressure — pounds  to  the  square  inch — 
given  to  the  air  by  pumping  it  or  compressing  it  into  the  interior 
of  the  vessel  to  be  tried  or  tested,  and.  if  that  is  required  to  have  a 
strength  corresponding  to  so  many  pounds  to  the  square  inch,  it  is 
easy  also  to  test  the  capability  of  the  vessel  to  resist  pressure  put 
upon  it.  The  compressed  air,  acting  equally  in  all  directions,  may 
be  said  thus  to  act  as  a  "  seeker  out "  of  the  weak  part.  In  practice, 
as  in  the  testing  of  the  boilers  of  steam  engines,  in  place  of  using 
the  force  of  compressed  air  to  test  the  strength  of  all  its  parts,  water 
is  used  as  more  convenient.  This  is  called  the  "  hydraulic  test,"  and 
acts  upon  the  same  principle  as  that  in  which  the  "  hydraulic  press*' 
is  constructed.  In  all  such  cases  of  testing  the  young  student  must 
be  reminded  of  the  technical  truth  that  a  "  margin  of  safety  "  must 
be  allowed — that  is,  that  the  testing  pressure  should  be  largely  in 
excess — from  three  to  fiye  times  or  even  more — of  the  strength  to 
resist  pressure  which  the  tested  vessel  has  to  withstand  under  the 
normal  or  ordinary  conditions  of  daily  working.  Thus,  if  the 
strength  required  in  the  vessel  is  equal  to  50  lb.  to  the  square  inch 
of  its  surface,  the  pressure  test  should  not  be  less  than  150  lb.  to 
the  square  inch,  safer  if  it  be  250  lb.  There  is,  however,  danger 
in  the  testing  process,  inasmuch  as  part  of  the  vessel  being  tested 
may  positively  be  weakened  by  the  testing  pressure.  Care  is  there- 
fore required  in  the  testing  process,  whether  air  or  water  be  the 
medium  employed;  the  pressure  of  these  fluids — one  an  aeriform, 
the  other  a  liquid  fluid — being  equal  in  all  directions. 
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Let  lis  suppose  that  the  cylinder  ahcd,  ^g.  82,  ante,  was  provided 
with  a  valve  at  the  point  c  at  its  lower  extremity,  it  opening  towards 
the  interior,  and  that  the  piston  e  e  was  placed  near  the  bottom  of 
the  cylinder — say  at  g  g.  If  the  piston  were  raised  by  pulling  on 
the  handle  /,  the  air  below  the  piston  in  space  g  g,  in  place  of 
dilating  or  expanding  in  the  same  way  as  explained  in  the  paragraph 
preceding  this,  while  still  dilating  the  conditions  would  not  be 
similar ;  for  as  the  air  in  space  g  g  dilated  or  expanded  as  the  piston 
e  e  was  raised,  in  place  of  continuing  to  dilate  in  the  way  and  with 
the  results  as  explained  in  last  case,  the  moment  the  dilatation  or 
expansion  was  such  as  to  give  a  pressure  on  the  under  side  of  the 
piston  less  than  that  of  the  ordinary  atmospheric  pressure  outside 
the  cylinder,  this  would  give  a  preponderating  pressure  of  the  air 
on  the  valve  at  point  c,  and  this  opening  inwards  would  open  and 
admit  the  air  to  the  space  below  the  piston  at  ^  ^,  so  that  as  the 
piston  ascended  the  air  would  continue  to  flow  into  the  space  below 
it  through  the  valve  opening  at  c ;  so  that  when  the  piston  reached 
the  upper  extremity  of  its  stroke  at  line  a  b,  the  space  below  it 
would  be  in  the  same  condition  as  regards  pressure  as  that  outside, 
or  as  at  the  time  when  the  experiment  began  with  the  piston  at  the 
point  indicated  by  the  line  g  g.  If  the  youthful  reader  has  carefully 
considered  the  matter  now  given,  so  as  to  have  an  intelligent  com- 
prehension of  its  points,  he  will  have  acquired  a  knowledge  of  the 
leading  or  main  principles  or  laws  dominating  the  action  of  air  under 
the  different  conditions  in  which  it  is  used  by  the  mechanic  in  his 
varied  work,  and  when  he  comes  to  study  the  various  points  of  the 
science  of  hydraulics,  he  will,  in  studying  their  application  to  the 
construction  of  pumps  of  various  forms,  see  that  their  action 
depends  upon  the  principles  of  the  dilatation  or  expansion  and  the 
compression  of  air  which  we  have  now  endeavoured  to  explain  clearly 
to  him. 

In  the  earlier  sections  of  the  present  volume,  in  discussing  the 
two  great  laws  which  regulate  and  control  all  the  immensely  varied 
phenomena  of  nature,  we  have  shown  that  to  the  second  of  those, 
that  of  "  repulsion  " — the  opposite  to  and  the  great  antagonist,  so 
to  express  it,  of  the  first  law,  that  of  "  attraction  " — we  give  numerous 
examples  showing  how  heat  is  the  great  agent  in  all  the  phenomena 
dependent  upon  the  second  law,  that  of  repulsion.  While  it  is  to 
the  law  of  attraction  that  we  owe  the  solidity  of  bodies,  the  force 
which  draws,  so  to  say,  their  particles  together,  so  it  is  to  heat,  the 
agent  of  the  law  of  repulsion,  that  we  owe  the  changed  conditions 
which  the  same  bodies  may  be  made  to  pass  through.  This  heat 
makes  the  solid  known  as  ice  to  pass  into  the  condition  of  water,  a 
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liquid  fluid ;  so  is  it  heat  which  makes  this  water  take  the  form  of 
steam,  an  aeriform  fluid;  the  heat  in  both  cases  drawing,  so  to 
express  it,  the  particles  or  molecules  of  the  substances  farther  and 
farther  apart  till  they  Anally  reach  that  other  condition  to  which 
in  its  new  form  we  give  a  new  name.  So  in  like  manner  do  we 
And  that,  in  connection  with  the  ordinary  atmosphere,  or  with  the 
various  aeriform  fluids  known  generally  as  the  gases,  the  application 
of  heat  di-aws  the  particles  or  molecviles  apart,  causing  the  air  to 
become  more  and  more  "  rarefied,"  this  expression  being  in  fact  a 
synonym  for  dilatation  or  expansion.  The  more  air  is  heated — that 
is,  the  greater  the  number  of  the  heat  atoms  which  the  air  takes 
up — the  wider  apart  are  its  molecules  drawn  or  separated  from  each 
other,  and  the  greater  the  space  occupied  by  the  air.  In  thus  using 
the  term  atoms  of  heat  we  are  using  an  expression  by  no  means 
accurate,  for  the  term  involves  the  condition  of  a  material  something 
— an  entity — whereas,  as  we  know,  or  assume  (for  of  what  heat  is 
and  how  created  and  maintained  we  know  absolutely  nothing),  heat 
is  not  an  entity,  as  we  have  elsewhere  denominated  it,  but  simply 
a  condition.  Still  we  employ  the  material  term  atoms  of  heat, 
as  it  is  the  only  one  open  for  use,  to  enable  us  to  give  what  is 
essential  in  considering  certain  phenomena.  Thup,  if  while  the 
piston  ee,  ^g.  82,  ante,  is,  say,  at  the  position  indicated  by  the 
dotted  line,  g  g^  heat  is  applied  to  the  bottom  part  of  the  cylinder 
SQ  that  the  air  only  below  the  piston  e  e  is  heated,  then  that  air 
will  be  found  to  expand  or  dilate,  and  in  its  expansion  it  will 
raise  or  rather  push  the  piston  upwards.  And  the  force  or  power 
and  the  velocity  with  which  this  will  be  effected  will  depend  alto- 
gether upon  the  degree  of  heat  communicated  to  the  air :  the 
greater  the  difference  between  the  normal  temperature,  or  that  at 
which  the  air  was  in  the  interior  of  the  cylinder  in  the  space  hehw 
the  piston  when  the  experiment  was  begun,  and  that  after  the  air 
had  been  heated,  the  greater  the  force  with  which  the  piston  would 
be  raised,  or,  to  use  the  common  phrase,  the  greater  the  power 
possessed  by  the  piston  to  act  upon  an  obstacle  presented  to  its 
movement — as,  for  example,  that  of  weights  to  be  lifted.  It  is  upon 
this  principle,  the  expansion  or  dilatation  of  air  or  of  gas  pushing 
upwards  the  piston  with  a  force  proportioned  to  the  rise  of  the 
temperature  of  the  air,  that  the  prime  motors  known  as  "  hot  air  " 
or  **  caloric  engines,"  and  "  gas  engines  "  are  designed.  But  the  fact 
that  the  expansion  of  air,  which  means  its  increase  in  volume,  or  of 
the  space  which  it  occupies,  means  also  the  reduction  of  the  force 
or  pressure  which  it  exerts  upon  the  piston,  or  upon  sui faces,  would 
seem  to  the  young  student  antagonistic  to  the  statement  that  by 
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the  dilatation  of  air  through  the  agency  of  heat  force  or  power.to 
push  the  piston  upwards  is  gained  or  created.  And  so  it  would  be 
the  pressure  of  the  air  diminishing — in  virtue  of  the  law  of  Mariotte, 
and  as  explained — ^as  the  expansion  increased.  But  to  avoid  this 
and  keep  up  the  working  power,  it  is  essential  that  the  temperature 
of  the  air  must  be  kept  up,  corresponding  to  the  force  which  it  is 
desired  that  the  piston  should  exercise  against  any  obstacle  opposing 
its  movement — in  other  words,  the  mechanical  work  to  be  done. 

The  laws  which  regulate  the  phenomena  of  air  in  motion  are 
exemplified  in  a  wide  variety  of  mechanical  expedients  in  the  doing 
of  work  of  various  kinds.  In  many  of  these  more  than  one  physical 
law  is  manifested,  it  being  exceedingly  difficult  to  draw  the  line  of 
demarcation  which  separates  the  manifestation  of  the  phenomena 
of  one  law  from  that  of  another,  the  two  being  so  intermingled. 
.  Thus  in  the  art  or  science  of  ventilation  of  buildings — ^that  is,  the 
movement  of  air  in  confined  spaces — which  at  first  sight  seems  to  be 
a  question  dependent  upon  the  laws  of  pneumatics,  shows,  on  a 
closer  investigation,  that  the  laws  of  heat  are  exemplified  in  its 
details.  Pumps  for  the  raising  of  water  would  also  be  at  first 
supposed  to  be  connected  with  the  phenomena  of  hydraulics,  but 
in  reality  the  laws  both  of  pneumatics  and  of  hydraulics  are  ex- 
emplified on  their  action;  and  so  on  in  many  other  branches  of 
mechanical  work. 

Air  at  pressure — that  is,  at  pressures  exceeding  the  pressure  of 
the  ordinary  atmosphere — ^is  now  used  in  a  great  many  kinds  of 
industrial  work.  Blast  furnace  working,  for  example,  demands  large 
volumes  of  air  at  considerable  pressure.  The  mechanism  used  to 
obtain  those  supplies  is  generally  known  as  the  "  blowing  engine," 
in  which  cylinders  with  pistons  are  the  feature.  The  basis  of  this 
is  the  diagram  in  £g.  82,  cmte,  and  affords  a  fine  example  of  dilatation 
or  expansion  and  the  compressibility  of  air.  The  reader  desirous 
to  have  an  explanation  of  the  working  of  the  blowing  engine  will 
find  it  in  the  volume  in  this  series  under  the  title  of  "  The  Iron  and 
Steel  Worker.*' 

For  many  purposes  in  which  currents — or  "  blasts  "  as  they  ai-e 
technically  termed — of  air  are  required  in  comparatively  small 
volumes,  the  mechanism  known  as  the  "fan"  or  *4*anners  "  is  much 
used.  Of  this  there  are  many  forms  —able  mechanics  having  turned 
their  attention  to  the  devising  of  fanners,  or  "  blowers  "  as  they  are 
also  sometimes  designated — which  will  give  the  maximum  volumes 
of  air  with  the  minimum  of  cost  in  the  working  and  the  keeping  of 
it  in  good  working  order.  Fig.  83  gives  a  typical  or  representative 
form  of  the  fanners.     Compared  with  the  cylinder  blowing  machine, 
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it  is  very  much  less  expensive,  takes  up  less  working  space,  can  be 
made  of  any  size  to  suit  small  powers,  and  can  be  readily  worked, 
when  there  is  motive  power  driving  other  machines,  by  driving  belt 
and  pulley  (see  the  volume  in  this  series  entitled  "The  General 
Machinist"),  while  it  is  very  effective.  In  its  simple,  or,  as  we  might 
call  it,  its  original  form,  its  construction  is  comparatively  easy. 
Two  sides  form  the  casing  in  which  the  fan  revolves.  These  are 
generally  of  cast  iron,  though  for  the  lighter  smaller  sizes  wrought 
iron  may  be  used.  These  are  united  at  the  edges  by  a  plate  bent 
to  the  form,  and  secured  by  bolts  and  nuts ;  these  terminate  in  an 
apertui-e  at  the  point  a,  where  is  the  pipe,  tube  or  channel  convey- 
ing the  air  to  the  furnace,  or  at  what  it  is  to  be  used.  In  the 
centre  of  the  sides  two  apertlires,  one  of  which  is  shown  at  6  6  in 


0^ 
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Fig.  83. 


fig.  83,  are  made,  through  which  the  air  passes  from  the  external 
atmosphere  to  be  propelled  through  the  aperture  a  and  connected 
tube  or  channel.  Across  the  opening  hh  the  bearing  for  the  shaft 
is  fixed  with  brasses  or  bushes.  The  shaft  carries  a  series  of  vanes, 
blades,  or  wings,  as  oCy  of  breadth  a  little  less  than  the  width  of 
casing,  so  as  to  revolve  easily  within  it.  These  vanes,  as  they  are 
driven  round  by  the  revolution  of  the  shaft,  catch  the  air  as  it  enters 
through  opening  h  b,  and  carrying  it  round  in  direction  of  arrow  d, 
propel  it  through  the  aperture  at  a.  In  old  forms  the  fan  revolved 
in  a  circle  concentric  with  that  of  the  case,  as  shown  in  separate 
diagram,  as  at  e  e.  But  in  the  improved  forms  the  case  is  eccentric 
to  the  circle  of  revolution  of  the  fan,  as  at  /;  this  gives  a  wider 
space  at  the  back,  in  which  the  air  collects  in  larger  volume,  and 
being  partially  compressed  there,  tends  to  render  the  flow  of  air  at 
aperture  a  more  uniformly  constant.     In  ^g,  84  we  illustrate  a  fan 
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without  external  casing.  This  placed  as  in  the  openiog  of  the  wall 
— say,  of  a  mill  or  factory— creates  a  strong  ventilating  current, 
which  frees  the  room  from  foul  air  or  noxious  vaponrs.  This  form 
is  known  aa  "Croesley's  Ventilator"  (of  Manchester).  Air  at 
pressure— or  "compressed  air"  as  it  is  sometimes  termed — is  uned 
now  on  the  large  scale  for  a  variety  of  purposes.  The  subterranean 
channel,  for  example,  along  which  small  carriages  are  propelled, 
conveying  letters,  parcels,  telegraph  messages,  etc.,  from  one  part  of 


Kg.  84. 

Tjondon  to  another,  are  examples  of  its  use.    But  in  Paris  the  principle 

is  exemplified  on  the  largest  of  scales,  compressed  air  being  supplied 
to  various  establishments  for  the  purpose  of  driving  small  machines, 
clocks,  etc. 

Geiieral  Fhenomena  ooimtottd  with  Air— PrMinre  in  til  IHrMtiinu, 
Having  in  preceding  paragraphs  indicated  some  of  the  peculiar 
characteristics  of  air  which  it  displays  in  common  with  all  gas^  and 
aeriform  fluids,  and  also  with  certain  modifications  with  fluids  known 
as  liquids — such  as  water — we  proceed  to  point  out  another  character- 
istic of  air.     This  is  that,  as  with  water  its  pressure  on  any  surface 
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exposed  to  it  is  in  proportion  to  its  depth  or  height,  so  also  with  air 
its  pressure  is  equal  in  all  directions.  And  this  pressure  is  com- 
municated with  such  inconceivable  velocity  that  it  may  be  said  to 
be,  and  practically  is,  instantaneous.  This  pressure  in  all  direc- 
tions may  be  easily  shown  in  the  familiar  illustration  of  a  bladder 
filled  with  air  employed  in  a  preceding  paragraph ;  for  if  the  bladder 
be  subjected  to  pressure  at  any  one  point,  that  will  be  communicated 
to  every  other  part,  so  that  if  'a  number  of  punctures  were  made  in 
the  bladder  at  various  points  distant  from  each  other,  the  air  would 
issue  from  these  with  the  same  velocity  and  at  the  same  instant  of 
time.  As  in  mechanical  structures,  pressures  or  forces  tending  to 
weaken  and  destroy  them  always  take  and  follow  the  line  of  least 
or  lowest  resistance,  so  does  air  under  pressure  'always  flow  or 
rush  from  points  where  there  is  the  greatest  pressure  to  those 
where  it  is  least.  This  atmospheric  pressure  is  exercised  on  all 
bodies,  solid  or  liquid,  as  in  pushing  forcibly  down  the  piston  or 
plunger  of  a  syringe  below  which  a  vacuum  more  or  less  perfect  is 
formed,  or  as  it  presses  down  the  moist  and  limp  leather  sucker  of 
the  schoolboy  against  the  surface  of  the  stone  between  which  and 
the  under  side  of  the  sucker  is  a  partial  vacuum  formed  by  the  boy 
pressing  or  squeezing  the  air  out  from  the  space  between  sucker  and 
stone.  In  exercising  its  pressure  upon  liquids  such  as  water,  we 
have  all  the  phenomena  and  highly  practical  facts  connected  with 
pumps,  siphons,  etc.,  and  in  the  case  of  mercury  barometers  and 
thermometers.  And  the  field  of  inquiry  thrown  open  to  scientific 
men  in  the  effects  of  atmospheric  pressure  upon  liquids  and  aeriform 
fluids  is  one  of  the  most  suggestive  character ;  for  it  is  merely  a 
question  of  atmospheric  pressure  whether  water  will  be  in  the  normal 
position  of  water  or  whether  it  will  be  in  the  character  of  steam. 
Many  substances  normally  solid  are  transferred,  so  to  say,  into  gases 
or  aeriform  fluids  simply  by  taking  from  off"  them  the  atmospheric 
pressure.  This  and  other  points  of  extreme  interest  to  the  practical 
man  will  be  fully  considered  when  special  subjects — such  as  boiling  or 
evaporating  of.  water,  or  the  raising  of  steam,  and  the  phenomena 
of  combustion,  etc.,  are  taken  up  by  the  student.  When  a  fluid 
body,  as  air,  meets  a  solid  body — no  matter  at  what  angle  the 
meeting  is  effected — the  impulse  given  by  the  meeting  body  is  always 
given  in  a  direction  strictly  perpendicular — ^that  is,  at  right  angles 
to  the  surface  of  the  body.  This  law  is  that  which  makes  the 
propulsion  of  ships  by  sails  a  practical  possibility.  Of  course  it  is 
to  be  noticed  that  the  force  imparted  to  the  met  body  by  the 
meeting  body  is  lessened  just  in  proportion  to  the  obliquity  or  angle 
at  which  the  meeting  body  approaches. 
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The  Power  of  Wind  or  Air  at  Pressure,  as  in  the  Performance  of 

Mechanical  Work. 

There  are  so  many  points  of  practical  importance  connected  with 
the  action  of  air  at  pressure,  as  exemplified  in  the  propulsion  of  boats 
and  ships  through  the  mechanical  media  of  masts  and  sails — points 
which  carry  with  their  consideration  other  points  bearing  upon  what 
may  be  called  the  general  mechanics  of  the  department  of  physical 
science  known  as  pneumatics — that  we  deem  it  essential  in  the 
interests  of  the  student  reader  to  go  somewhat  fuUy  into  this  part  of 
our  subject.  The  reader  will  note  that,  in  the  matter  now  to  be 
given  on  the  action  of  wind  in  the  propulsion  of  sailing  vessels  or 
boats  through  the  mechanical  medium  of  sails  supported  by  masts, 
allusion  is  made  to  the  subject  of  "the  parallelogram  of  forces." 
This  is  exemplified  in  such  a  wide  variety  of  work  in  practical 
mechanics,  that  it  is  necessary  that  the  student  in  mechanics  should 
have  a  clear  understanding  of  its  principle,  and  have  some  acquaint- 
ance with  the  method  of  constructing  diagrams  in  keeping  with  it  as 
useful  in  various  calculations  of  mechanical  work.  This  law  bears 
in  the  closest  manner  on  the  work  done  in  marine  mechanics,  as  in 
the  propulsion  of  boats  by  oars,  by  paddlewheels,  and  by  screws,  as  an 
important  department  of  the  science  of  hydraulics.  The  reader  will 
find  the  principle  of  the  "  composition "  and  the  "  resolution "  of 
forces,  which  form  the  basis  of  the  "  parallelogram  of  forces,"  fully 
explained  in  the  concluding  section  of  this  work  devoted  to  hydravMca 
(see  p.  482).  In  order  to  understand  more  clearly  what  is  now  to  be 
said  on  the  subject  of  the  action  of  air  at  pressure  in  propelling  sailing 
vessels  through  the  mechanical  agency  of  sails  supported  by  masts, 
we  would  strongly  recommend  the  young  student  to  turn  to  the  last 
section  above  referred  to,  and  study  what  is  there  given  on  the 
subject  of  the  "parallelogram  of  forces,"  and  thereafter,  having 
mastered  its  principle,  to  proceed  with  the  matter  now  to  be  given. 

Oblique  Action  of  Force  or  Forces  in  Bodies. 

The  whole  of  the  movements  of  sailing  vessels  depend  upon  the 
way  in  which  this  principle  of  oblique  forces  is  availed  of,  by  adjusting 
the  sails  so  that  the  pressure  or  force  of  the  vessel  in  one  direction 
may  be  made  to  produce  a  pressure  or  force  in  another  direction,  and 
thus  enable  the  navigator  to  sail  in  directions  different  from  those 
due  to  the  actual  direction  in  which  the  wind  may  be  blowing. 

In  the  case  of  the  force  of  any  moving  body,  such  as  that  of  air 
or  water,  striking  against,  or  exercised  upon,  another  body,  the  direc- 
tion of  the  force  and  that  of  the  plane  or  surface  of  the  body  being 
oblique  to  each  other,  while  the  force,  represented  by  the  arrows 
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a,  a,  a,  always  acts  on  the  svirface  of  the  body  b  c  d  e  (fig.  85)  in  a 
(Jii'ection  as  a,  a,  a,  perpendicular  to  a  vertical  liney^,  passing  through 
the  axis  of  the  body, — the  power  or  pressure  exerted  by  the  force, 
acting  as  at  a,  is  less  than  if  it  acted  upon  the  body  the  whole  surface 
of  which  was  at  right  angles  to  the  face,  as  t  A  to  force  y.  That  is, 
the  force  or  pressure  or  moving  power  exerted  by  a  given  force,  as^,  is 
less  when  acting  upon  the  body  placed  obliquely  to  ity&sh  c  d  e,  than 
that  when  applied  to  h  %  and  still  less  when  the  body,  as  ^  /,  is  still 
more  oblique  to  the  force  or  forces  ^  m,  acting  at  right  angles  to  the 
line  n  o.  This  may  be  proved  graphically  as  follows : — Let  a  c  or  bd 
(fig.  86)  represent  the  full  width  of  a  running  stream  of  water  passing 
through  say  a  trough  abed  having  a  certain  velocity ;  the  power 
exerted  by  this  is  obviously  given  out  fully  to  a  body,  as  e/g  h, 
placed  at  right  angles  to  the  line  of  flow  represented  by  the  dotted 
line  ijj  passing  through  the  centre  f  g' — corresponding  to  e/g  h — 
in  the  sections  at  foot  of  diagram,  parts  dAklymn,o  p  representing 


-x' 


Fig  85.     ! 


top  and  bottom  of  trough  abed.  If  we  carry  out  the  full  width 
db  oi  force,  and  place,  at ^  r,  8  ty  the  same  width  of  body,  as  ef  g  h, 
but  obliquely  to  the  force,  and  at  different  degrees  or  angles  of 
obliquity,  we  have  graphic  illustrations  of  the  loss  of  pressure,  the 
result  of  the  plane  or  surface  of  the  body  being  placed  obliquely  to 
the  moving  force.  For  in  place  of  the  full  width  of  force  or  pressure 
of  the  moving  body  of  water,  as/'  g',  acting  as  it  does  on  the  full 
extent  of  body  to  be  moved,  as  e/g  h  ovf  g',  by  placing  it  at  that 
angle  q  r  or  q'  r',  we  have  the  force  abed  minus,  or  less  by,  as 
much  of  the  water  which  passes  by  the  body  q'  r'  without  touching 
it,  as  is  represented  by  the  vacant  spaces  not  lined  at  either  end,  the 
water  pressing  on  the  body  q'  r'  being  only  that  depth  lined  as  in 
the  diagram.  The  body  or  bulk  of  water  passing  freely  past  the  body 
is  obviously  increased  when  the  body  is  made  to  assume  the  oblique 
position  8  tf  or  «'  t',  this  increase  being  represented  by  the  still  greater 
free  space  which  represents  by  consequence  the  proportionate  lessening 
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of  pressure  of  the  water  a  b  c  d  on  s  t  or  s'  t'.  In  like  manner  the 
loss  of  pressure  is  greater  the  more  the  body  is  placed  obliquely. 
The  minimum  of  pressure  or  force  of  a  b  c  d  is  exercised  on  it  when 
this  is  placed  in  the  horizontal  position  as  at  w  v  or  u'  v' ;  for  the 
only  part  of  this  which  is  acted  upon  by  the  water  is  the  end  surface 
represented  by  the  thickness  and  the  breadth,  the  great  bu)k  of 
water  passing  by  in  the  streams  occupying  spaces  x  and  y  without 
exerting  any  pressure  on  the  flat  surface  as  on  e/g  h.  If  this  body 
is  supposed  to  be  hung  on  a  central  axis,  the  reader  will  recognise  in 
the  different  positions  it  assumes  in  the  diagram  the  position  and 


Fig.  86. 


^S®5^^SS^??5« 


uses  of  the  throttle  valve  of  a  steam  engine,  or  ef  g  h  thus  swivelled 
at  its  centres  may  be  looked  upon  as  a  sluice  valve  regulating  the 
flow  of  water  through  a  channel  abed.  This  principle  of  lessened 
pressures  in  proportion  to  obliquity  of  surfaces  on  which  the  force 
acts,  is  exemplified  in  a  wide  range  of  mechanical  subjects  both  in 
bodies  in  motion  and  at  rest. 

Oblique  Action  of  Forces  Exemplified  in  the  Sailing  of  Ships. 
As  we  have  seen  in  the  preceding  paragraph,  and  exemplified  in 
fjg.  85,  the  greatest  force  due  to  a  given  velocity,  such  as  that  of  a 
bcdy  or  volume  of  wind,  is  obtained  when  it  acts  upon  the  whole 

28 
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surface  of  a  body  presented  to  it,  as  the  force  of  the  body  of  water 
abed  acting  on  the  board  e/g h  or  /' ^'  in  fig.  86.  At  first  sight, 
therefore,  it  might  be  supposed  that  the  most  favourable  wind  for 
driving  a  ship  through  the  water  would  be  one  directly  ^*  aft,"  that  is, 
blowing  in  the  direction  of  the  stern  of  the  ship,  as  might  be  repre- 
sented in  fig.  86,  in  which  a  6  c  (2  may  be  taken  as  the  line  of  wind, 
and  efg  h  one  of  the  sails — that  nearest  the  stem.  But  as  is  known, 
the  sails  of  ships  are  often  hung  from  more  than  one  mast  placed 
in  line  along  the  length  of  the  vessel.  By  this  disposition  it  is 
evident  that  the  sail,  as  efg  A,  catching  the  wind  prevents  it  from 
passing  into  the  sail  next  in  advance,  which  may  be  supposed  to  be  at 
the  point  q*  r,  but  of  course  parallel  to  the  sail  represented  by  efg  h, 
or  at  right  angles  to  the  line  of  wind  abed.  In  practice,  therefore, 
a  wind  blowing  diiectly  astern — that  is,  in  a  line  coincident  with  the 


^fe^?=^^3=^. 


course  which  the  vessel  has  to  take — is  not  the  best  wind  for  a  quick 
advance,  but  better  efifects  are  obtainable  when  the  wind  blows  from 
the  side  oblique  to  the  line  or  **'  course ''  of  the  vessel,  as  in  this  case 
the  sails  hung  from  the  different  masts  receive  the  action  of  this 
side  wind. 

And  although  the  wind  blowing  in  the  direction  say  of  the  two 
upper  oblique  arrows  in  fig.  87  has  a  tendency  to  shove  the  vessel 
laterally  towards  g — that  is,  out  of  the  correct  or  due  course,  d  e — 
the  length  of  the  ship,  as  dfia  so  much  greater  than  its  breadth, 
that  the  ease  with  which  the  vessel  passes  in  the  dii*ection  from  d  to 
e  is  greatly  in  excess  of  that  with  which  it  passes  in  the  direction  of 
the  hne  i  to  A,  the  whole  side  of  the  ship  having  then  to  be  forced 
through  the  water.  It  is  this  which  makes  a  canal  boat,  although 
pulled  actually  sideways  by  the  horse  on  the  bank,  in  the  direction  of 
the  line  fg^  advance  straight  on,  as  the  distance  which  the  vessel 
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moves  towards  the  bank  is  but  infinitesimal  as  compared  with  that 
due  to  the  length  of  the  boat  through  the  water  in  the  direction  of 
the  length  of  the  canal.  In  ships  under  sail,  just  as  in  the  case  of 
the  canal  boat  now  alluded  to,  there  is  always  of  necessity  a  deviation, 
however  slight,  sideways,  towards  g,  fig.  19,  from  the  true  line,  when- 
ever the  wind  acts  on  the  sails  obliquely,  as  in  direction  of  upper 
oblique  arrows;  and  this  represents  a  loss  in  sailing  or  propelling 
power.  Our  young  readers  have  no  doubt  heard  the  expression 
'*  working  up  leeway,**  which  obviously  involves  the  idea  of  a  loss ; 
and  it  is  the  deviation  from  the  true  line  of  a  ship's  course,  caused  as 
above  stated,  which,  as  a  loss,  is,  in  the  technical  language  of  sea- 
manship, called  the  "  leeway.*'  This  loss  by  deviation  so  called  may 
be  constructed  graphically,  as  well  as  the  effective  pressure  exercised 


Fig.  88. 

upon  a  sail  of  a  ship  under  the  influence  of  a  side  wind,  and  also  the 
loss  of  pressure,  due  to  the  obliquity,  as  follows :  Let  a  5,  fig.  88, 
represent  a  sail  placed  obliquely  to  the  direction  of  the  line  of  blowing 
wind  d  c ;  and  e/  a  line  at  right  angles  to  the  line  a  6,  passing 
through  the  centre  of  the  mast  c.  In  virtue  of  the  law  or  principle 
which  regulates  the  reflexion  of  bodies  in  which  the  angles  of 
incidence  and  reflexion  are  always  identical  or  equal  (see  remarks 
on  "  action  and  reaction  equal,"  in  preceding  paragraphs  in  present 
volume),  the  angl9  dcg,  fig.  88,  at  which  the  wind  blowing  from  d  to 
c  deflects  or  bends  away  from  the  oblique  surface  as  a  6,  is  equal  to 
the  angle  d  cf.  Or,  to  put  the  point  inversely,  the  line,  as  c  ^,  in  which 
any  wind  blowing  as  from  d  is  deflected  from  an  inclined  surface,  a  by 
is  found  by  drawing  from  the  point  of  contact,  c,  a  line,  as  cf,  at 
right  angles  to  a  &,  and  then  making  the  angle /c  (7  equal  to  fed. 
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Having  thus  those  lines  d  c,  eg,  we  assume  the  distance  A  c  to 
represent  the  force  or  pressure  exerted  by  the  wind  blowing  in 
direction  c^  c  on  the  oblique  sail  a  b.  Having  found  the  distance  at 
h  c,  representing  the  force  or  pressure  of  the  wind,  blowing  in 
direction  dcin  the  point  h,  parallel  to  the  sail  a  b,  we  draw  the  line 
hig.  Thus  the  distance  c  i  represents  the  amount  of  effective  pres- 
sure of  the  wind  upon  the  sail  a  b,  tending  to  force  it  forward  in 
the  direction  of  the  arrow  e ;  while  the  loss  of  effective  pressure  due 
to  the  obliquity  of  the  surface  a  5  is  represented  by  the  distance  h  i ; 
the  direction  h  i  being  parallel  to  a  b,  the  wind  obviously  does  not 
affect  it.  The  young  reader  will  perceive  that  this  diagram  is  an 
application  of  the  parallelogram  of  forces  as  represented  by  hcgf. 


Fig.  89. 

Kg.  89  illustrates  the  same  position  as  does  diagram  88 ;  only  that 
in  this  the  wind  blows  in  the  oblique  direction  d  c,  and  the  sail  or 
surface  is  at  right  angles  to  the  length  of  the  ship,  as  at  a  b.  We 
may  now  apply  this  to  the  action  of  the  wind  on  the  sails  of  a  ship, 
as  in  fig.  90  ;  the  course  of  which  is  in  the  direction  as  from  a  to  6, 
but  in  which  the  direction  of  sail  c  d,  and  also  that  in  which  the 
wind  blows,  as  ef,  are  both  oblique  to  the  line  a  b.  Let  the  dis- 
tance/e,  which  may,  as  in  the  case  of  the  parallelogram  of  forces 
already  described,  be  taken  from  a  scale  of  equal  parts,  represent  the 
force  of  the  wind :  from  e  draw  a  line  e  d,  at  right  angles  to  the 
direction  of  sail  surface,  c  d.  From  point  d  draw  at  right  angles  to 
the  line  a  6  a  line  d  h,  cutting  this  in  the  point  h  with  a  line  drawn 
from  the  point  e.  This  measured  from  the  same  scale  of  equal  parts 
as  the  distance  6 /is  measured  from,  the  distance  ed  represents  the 
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force  of  the  wind  on  the  surface  c  d ;  and  the  length,  e  A,  represents 
the  effective  or  propelling  force  which  drives  the  vessel  on  its  course 
a  b.  The  leeway  or  loss  arising  from  deviation,  noticed  in  last 
paragraph,  is  represented  by  the  measurement  of  the  distance  dhy 
taken  from  the  same  scale  of  equal  parts  as  the  other  distances  are 
taken  from. 

Loss  of  the  Effective  Pressure  of  the  Wind  acting  on  the  Sails  of  Ships. 
The  sail  of  a  ship  being  secured  to  the  mast,  and  this  forming 


Fig.  90. 

part  of  the  ship,  which  is  free  to  move  and  does  move  easily  in  the 
mobile  water,  there  is  a  constant  tendency  in  the  sail  to  "  veer  away  " 
from  the  wind — just  as,  to  name  a  familiar  instance,  a  man  receiving 
or  expecting  to  receive  a  heavy  blow  from  an  antagonist  tries  to 
reduce  its  force  by  yielding  or  giving  way  to  the  shock. 

Now,  in  the  case  of  the  wind  pressing  on  the  sail  of  a  ship,  as  the 
sail  partakes  in  itself  of  the  motion  of  the  wind,  it  may  be  said  to 
be  moving  with  the  wind — going  along  with  it ;  and  if  we  can 
suppose  the  sail  to  be  running  away  from  the  wind  at  the  same 
speed  with  which  the  wind  came  up  to  it,  or  was  blowing  in  the 
same  direction,  there  would  be  no  pressure  or  force  everted  on  the 
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sail  at  all.  Here  the  effective  propelling  power  or  pressure  of  the 
wind  on  the  sail  of  a  ship  is  equal  only  to  the  excess  of  the  pressure 
due  to"  the  velocity  of  the  wind  over  the  velocity  of  the  ship,  which 
represents  the  rate  at  which  the  sail  is,  so  to  say,  running  away 
from  the  wind.  Thus,  if  we  have  the  speed  of  a  ship  at  nine  miles 
an  hour,  and  the  velocity  of  the  wind  at  twelve,  we  have  only  the 
difference  of  three  miles  an  hour  to  represent  the  effective  force  of 
the  wind  on  the  sail  in  propelling  the  vessel — ^that  is,  an  effective 
pressure  due  to  a  velocity  in  the  wind  of  three  miles  an  hour.  And 
when  the  wind  is  at  a  low  velocity,  the  lessening  in  its  effective 
power  is  made  up  by  the  sailor  increasing  the  surface  upon  which 
this  pressure  is  exerted  by  hoisting  more  sail.  For  with  the  increase 
of  surface  with  a  given  pressure  we  increase  the  pressure  on  that 
surface :  thus,  with  a  doubled  surface  we  have  a  double  pressure ; 
with  a  trebled  surface  a  threefold  pressure,  and  so  on ;  the  pressure 
being  known  by  simply  multiplpng  the  surface  into  itself ;  thus,  a 
surface  of  twenty  by  twenty  feet  gives  a  pressure  increased  four 
hundred  times  as  compared  with  the  pressure  if  that  were  exercised 
on  one  foot  only ;  and  in  all  stable  structiu^es  there  is  no  deduction 
made  from  the  effective  pressure  due  to  the  relation  of  the  surface 
in  which  the  wind  blows  to  the  direction  and  the  velocity  of  that 
wind  ;  the  whole  force  of  that  effective  pressure  tending  to  weaken 
the  structure. 

On  the  Force  exerted  by  the  Wind— Some  Considerations  connected  with 

Wind  Fressnre  upon  Surfaces. 

To  facilitate  the  calculation  as  to  the  force  exerted  by  winds  of 
varying  velocity,  and  therefore  varying  pressure  or  force,  experiments 
have  been  made  and  tables  drawn  up  showing  the  effective  pressure 
on  the  square  foot  of  surface  opposed  to  them.  Thus,  wind  blowing 
at  a  rate  which  in  common  parlance  is  called  a  moderate  wind  or 
breeze  has  an  extended  velocity  of  about  five  miles  an  hour,  and 
exerts  a  pressure  in  pounds  weight  per  square  foot  of  0'125.  With 
a  velocity  of  double  the  above,  and  which  wind  is  popularly  termed 
a  brisk  wind  or  stiffish  gale,  the  pressure  is  increased  to  0*492  lb., 
or  within  a  fraction  of  half  a  pound  per  foot.  When  the  velocity  is 
increased  to  twenty  miles  an  hour,  at  which  the  wind  is  popularly 
termed  a  stiff  or  very  brisk  gale,  the  pressure  per  foot  rises  to  within 
a  mere  fraction  of  2  lb.  (1*968).  With  a  velocity  of  thirty  miles  an 
hour,  which  is  known  as  a  high  wind,  we  have  a  pressure  of  very 
nearly  4|  lb.  (4*429).  With  a  velocity  of  forty  miles  per  hour,  we 
have  a  very  high  wind,  giving  an  effective  pressure  of  nearly  8  lb. 
rer  square  foot  (7*873) ;   and  with  a  regular  storm,  in  which  the 
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velocity  is  increased  to  fifty  miles,  or  engine  express  speed,  we  have 
a  pressure  per  square  foot  of  I25  lb.  (12*303).  Bearing  in  mind 
that  the  pressure  on  a  structure  increases  with  the  increase  of  its 
surface  in  a  quick  ratio,  we  can  easily  understand  how  severely  in 
a  "real  storm"  the  strength  of  a  structure,  as  a  ship,  or  the  sail 
and  mast,  may  be  tried ;  and  the  young  reader  should  ever  remember 
that  the  strength  of  a  structure,  as  of  a  machine,  lies  in  its  weakest 
part.  It  is  difficult,  if  indeed  it  be  possible,  to  convey  by  words 
any  conception  of  the  force  or  power  exerted  by  wind  in  a  real  gale. 
Those  only  who  "  go  down  to  the  sea  in  ships  and  occupy  their 
business  in  the  great  waters"  can  form  some  conception  of  the 
marvellous  force  of  the  wind  and  the  wind-impelled  waves.  And 
knowing  somewhat  of  this  and  the  manifestations  of  the  power  of 
the  wind — some  of  which  are  such  as  landsmen  would  scarcely  give 
credence  to — it  is  little  wonder  that  seamen  are  proud  of  what  their 
ships  can  do;  and  that  they  may  be  looked  upon  as  perhaps  the 
most  perfect  and  complete  of  the  works  of  man. 

The  increase  of  pressure  in  consequence  of  the  increase  of  velocity 
is  not  always  easy  for  the  young  reader  to  comprehend.  He  may 
find  it  difficult  to  understand  at  first  sight  how  a  doubled  velocity 
gives  a  quadrupled  or  foixrfold  pressure,  and  not,  as  he  would 
naturally  suppose,  merely  a  doubled  pressure,  but  he  must  bear  in 
mind  that  it  is  so.  And  how  it  is  he  may  see  by  the  following 
consideration  :  Let  the  air  in  volume — and  the  point  is  equally 
applicable  to  water  in  mass — be  supposed  to  be  made  up  of  separate 
molecules  or  bodies,  which  we  may  conceive  of  as  balls.  Let  any 
one  ball  have  a  certain  velocity  given  to  it,  projecting  it  against  any 
given  surface,  and  which  velocity  is  equivalent  to  a  certain  pressure, 
the  two  terms  being  convertible  ones,  a  certain  pressure  meaning 
a  certain  velocity,  as  a  certain  velocity  means  a  certain  pressure. 
Now  suppose  that  a  certain  surface  receives  the  blow  or  stroke  of 
one  of  the  balls  of  air,  which  has  the  velocity  due  to  a  pressure  of  one 
pound  every  minute.  But  if  during  this  minute  we  increase  the 
speed  of  the  flowing  air  twice,  we  clearly  bring  up  to  the  surface  two 
balls  in  place  of  one;  if  we  still  more  increase  the  speed,  say  to  three 
times  the  original  speed,  we  can  now  bring  up  three  balls — that  is, 
with  a  threefold  velocity  we  have  three  times  the  number,  with  a 
fourfold  velocity  four  times  the  number,  brought  up  to  the  surface 
within  the  same  space  of  time.  Just  as  in  the  case  of  a  number  of 
balls,  say  twenty,  strung  upon  a  rope  twenty  feet  long,  if  we  pull  in 
this  rope  at  a  velocity  of  one  foot  per  minute,  we  bring  up  only  one 
ball  per  minute ;  but  if  we  measure  the  velocity  so  that  we  haul  in 
the  whole  length  of  twenty  feet  in  one  minute,  we  have  twenty  balls 
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brought  up  to  a  certain  point  in  place  of  one.  And  we  have,  as  we 
have  supposed,  each  ball  to  represent  a  force  or  pressure  of  one 
pound, — we  have,  say  with  a  threefold  velocity,  not  merely  a  tripled 
number,  and  therefore  only  three  pounds  of  pressure,  but  each  ball 
of  the  three  has  a  tripled  force,  coming  as  it  does  up  to  the  surface 
with  a  threefold  velocity  (for  as  the  velocity,  so  the  force  or  pressure) ; 
so  that  in  place  of  multiplying  one  by  three,  we  have  to  multiply 
three  by  three,  thus  giving  us  a  pressure  ninefold.  If  we  quadruple 
the  velocity  we  bring  up  four  balls,  as  we  have  seeo,  in  the  same 
time,  with  a  pressure  sixteen  times  as  great. 

The  Power  of  Wind  or  Air  at  Pressure  in  the  Doing  of  Kechanical  Work. 

We  have  in  another  paragraph  pointed  out  that  at  one  period, 
anterior  to  the  era  of  the  steam  engine,  the  obtaining  of  mechanical 
force  or  energy  for  the  doing  of  mechanical  work  was  through  the 
agency  chiefly  of  the  natural  forces  of  wind  and  water.  And  of 
those  two,  after  the  steam  engine  had  fairly  and  completely  established 
itself,  that  of  wind  was,  in  this  country  at  least,  taken  wholly  out  of 
the  category  of  useful  agents,  and  if  met  with  at  all  it  was  only  the 
retention  of  windmills  which,  having  been  erected  under  the  old 
regime,  were  kept  working  till  they  could  work  no  longer.  But 
it  may  well  be  questioned  whether,  after  steam  as  the  source  of 
motive  power  had  fairly  established  its  sway,  a  single  windmill  was 
erected  de  novo.  And  the  only  form  in  which  new  windmills  appear 
nowadays  is  that  known  as  farm  windmills,  erected  for  the  purpose 
of  pumping  up  water  from  a  low  to  a  high  level,  being  so  designed 
as  to  be  able  to  be  easily  "set"  to  any  wind,  working  under  every 
wind  strong  enough,  thus  doing  work  by  making  use  of  the  agency 
which  could  otherwise  be  lost.  This  system  is  obviously  applicable  only 
under  particular  circumstances,  and  is  never  availed  of  as  a  source 
of  power  ready  to  do  work  at  any  time  when  wanted.  But  although 
it  works  only  occasionally,  it  does  useful  work  nevertheless ;  for  it 
stores  up  water  pumped  up  at  times  when  the  wind  is  strong  enough, 
but  which  otherwise  would  be  suflTered  to  blow  uselessly  past.  There 
is,  however,  a  method  by  which  the  capricious  power  of  wind  as  thus 
availed  of  to  the  doing  of  the  exceptional  work  of  simply  pumping 
up  water  at  odd  times  can  be  made  to  give  out  mechanical  power 
as  a  motive  force  whenever  required.  And  this  is  very  simple 
in  its  general  character.  The  water  pumped  up  to  a  high-level 
tank  or  reservoir  may  have  "head"  or  "fall"  sufficient  to  work  a 
small  "  turbine "  or  "  hurdy-gurdy  wheel,"  or  a  "  reaction  wheel," 
which  could  be  made  serviceable  at  any  time  desired  in  the  doing 
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of  such  work  of  the  farm  as  churning  milk,  cutting  hay  or  straw, 
and  slicing  or  pulping  of  turnips.     This  method  of  converting  an 
occasional  manifestation  and  utilisation  of  power  or  energy  into  one 
which  can  be  availed  of  at  any  time  may  be  objected  to,  as  a  round- 
about way  of  obtaining  a  motive  power,  the  tendency  of  all  modern 
mechanical  work  being  to  do  that  work  as  directly  as  possible,  with 
the  minimum  of  intermediate  agency.     No  doubt  this  is  quite  true, 
for  it  is  a  sound  mechanical  principle  that  the  simpler  a  machine 
designed  to  do  a  particular  kind  of  work  isj  the  better  and  the  more 
economically  will  it  do  its  work.     Nevertheless  there  are  what  may 
be  called  compelled  exceptions  to  rules  like  this,  and  the  case  in 
point  is  one  of  them.     An   analogous  case  is   met  with  in  the 
engineering  of  electricity.     Here,  before  we  can  obtain  any  one  of 
the  many  marvellous  manifestations  of  electricity  in  the  doing  of 
mechanical  work — such  as  the  electric  railway  or  tramcar — we  have 
of  necessity  to  employ  another  power,  as  that  of  the  steam  engine,  in 
order  to  excite  and  to  store  up  the  marvellous  something  to  which, 
for  lack  of  a  better  designation,  we  give  the  name  of  electricity. 
We  may  at  some  future  day  be  able  to  "  tap,"  so  to  express  it,  the 
sources  of  electricity,  which  apparently  abound  everywhere,  being 
present,   as   we    believe,  in  every  natural  substance;    and  having 
tapped  the  source  and  obtained  the  supply  of  the  "subtle  some- 
thing," we  shall  then  apply  it  directly  to  the  mechanism  by  which 
our  mechanical  work  is  to  be  done.     Meanwhile,  forbidden  by  a 
force  rrvajewre  to  take  directly  our  supplies  of  electricity  from  the 
sources  which  lie  around  us  everywhere,  we  are  compelled  to  avail 
ourselves  of  some  intermediary  source  of  mechanical  or  motive  power 
— of  water,  gas,  or  steam — in  order  to  obtain  supplies  of  electricity, 
which  we  yoke  to  one  or  other  of  the  many  ways  in  which  it  mani- 
fests its  singular  power.     Yet  we  should  be  foolish  if  we  lost  this 
power  simply  because  circumstances  compel  us  to  adopt  a  roundabout, 
indirect  method  of  getting  it.     Just  so  in  the  case  of  the  method  of 
obtaining  a  motive  power  from  wind  as  one  of  the  natural  sources 
of  energy.     It  is,  we  know,  so  uncertain,  so  capricious  as  one  would 
say,  in  the  exercise  of  its  power,  that  if  work  has  to  be  done  with  it — 
as  in  the  case  of  the  ordinary  windmill,  or  of  the  windmills  of  which 
bo  many  are  seen  by  the  traveller  in  Holland  pumping  up  the  water 
from  the  low-lying  lands — one  has  simply  to  wait  for  the  times  at 
which  the  wind  blows  with  the  necessary  force.     But,  uncertain  as 
its  manifestations  are,  by  taking  advantage  of  such  winds  as  do  blow 
to  pump  up  water  from  a  low  level  to  a  tank  or  reservoir  at  a  level 
or  height  considerably  above  the  source  of  the  water,  we  have  thus 
at  our  command  a  source  of  mechanical  energy  or  power ;  and  this 
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by  simply  reversing  the  process — that  is,  by  allowing  the  water  again 
to  descend,  in  its  descent  passing  through  a  mechanism  such  as  a 
turbine — the  power  this  gives  being  put  to  do  any  mechanical  work 
of  which  it  is  capable.  And  one  in  such  a  case  gets  this  power — 
which  he  can  use  at  cmy  time,  no  longer  having  to  wait  for  the 
**  uncertain  wind  " — ^if  not  "  for  nothing,"  as  the  phrase  goes,  at  least 
at  a  decidedly  cheap  rate,  the  nominal  charge  arising  from  the  interest 
on  the  sum  expended  for  the  instalment  of  the  power,  together  with 
tome  allowance  for  deterioration  through  wear  and  tear.  And  this 
expense  will  be  well  worth  the  going  into,  in  view  of  the  value  of  a 
motive  power  which  can  be  used  at  any  time,  and  this  obtained  from 
a  source  of  energy  or  mechanical  force  so  uncertain  in  its  mani- 
festations that  it  has  given  birth  to  a  saying  showing  it  to  be  the 
very  emblem  of  that  upon  which  no  dependence  can  be  placed — 
"uncertain  as  the  wind."  This  dual  arrangement  we  have  here 
described,  or  but  faintly  sketched  out,  in  place  of  being  false  in 
mechanical  principle — roundabout  and  indirect  though  it  be — con- 
si  itutes,  nevertheless,  a  good  example  of  a  well-conceived  mechanical 
system  or  method. 

General  Phenomena  connected  with  the  Department  of  Physical  or  Katepal 
Science  known  as  HydroBtatics — The  Behavionr  of  Water  in  a  State  of 
Best. 

« 

As  in  the  department  of  what  may  be  called  the  engineering  of 
mechanics,  the  consideration  of  points  connected  with  mechanical 
structures  in  a  state  of  rest  comes  under  the  department  known  as 
statics,  the  converse  department  being  that  of  dyrunnics,  whicji 
concerns  itself  with  mechanical  structures  in  a  state  of  motion,  in 
like  manner  the  science  of  hydrostatics  concerns  itself  with  the  facts 
and  phenomena  connected  with  water  while  in  a  state  or  condition 
of  rest,  quiescence,  or  repose,  while  on  the  contrary  the  department  of 
physical  science  known  as  hydravlics  has  to  deal  with  the  facts  and 
phenomena  met  with  when  water  is  so  dealt  with  that  certain 
mechanical  or  material  effects  are  produced  by  its  aid  while 
in  a  state  or  condition  of  motion.  The  department  of  hydrostatics 
deals  with  facts  which  concern  the  work  of  the  boat  and  the 
ship  builder,  the  engineer  or  mechanic  who  is  interested  in  harbour 
and  river  work  and  structures,  the  formation  of  embankments  or 
reservoirs,  and  in  the  construction  of  large  tanks  or  cisterns,  etc. 
Water  is  the  normal  or  ordinary  condition  of  a  liquid  which  may 
le  said  to  be  the  basis  of  all  other  liquids,  and  is  met  with  in 
beneficent  abundance  in  almost  every  region  of  the  globe,  and  in 
almost  every  locality.     Its  normal  heat,  warmth  or  temperature  is 
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that  of  the  surrounding  atmosphere;  but  if  this  temperature  be 
reduced  by  the  natural  phenomena  of  the  seasons  or  by  artificial 
means,  to  a  sufficiently  low  point,  water  loses  its  liquid  or  mobile 
properties  and  becomes  a  solid  mass  known  as  ice,  the  particles  of 
which  seem  so  closely  attracted  to  each  other  as  to  appear  bound 
or  glued  together.  If,  on  the  contrary,  heat  be  applied  in  sufficient 
amount  to  water,  it  is  ultimately  changed,  and  that  instantaneously, 
on  a  certain  temperature  being  reached,  into  a  gaseous  or  aeriform 
condition  known  as  steam,  in  which  the  particles  or  molecules  are 
separated  so  far  apart  that  the  steam  occupies  a  space  many 
hundred  times  greater  than  that  taken  up  by  the  confined  water. 
In  the  condition  of  water — the  middle  or  central  position  between 
its  solid  (ice)  and  its  gaseous  (steam)  condition — the  particles  are 
just  so  far  separated  as  to  admit  of  their  easiest  possible  movement 
in  the  mass.  This  mobility  forms  for  the  mechanic  one  of  the  most 
valuable  characteristics  of  water.  And  yet  so  near  each  other  are 
the  opposite  extremes,  that  in  one  sense  a  mass  of  water  closely 
confined  within  a  vessel  may  be  said  to  be  a  solid,  and  practically, 
and  for  the  purposes  of  the  engineer  and  mechanic  fortunately, 
•incompressible.  Air  or  gaseous  or  aeriform  bodies  are  in  one  sense 
liquids,  as  water  is ;  or,  to  use  the  term  most  commonly  applied  in 
this  case,  they  are  fluids,  as  their  particles,  like  those  of  water,  flow 
easily  amongst  each  other,  and  in  any  direction  in  which  they  are 
subjected  to  pressure.  But  unlike  fluid  water,  the  fluid  gases, 
as  we  have  already  explained  in  the  preceding  paragraph,  have 
their  particles  or  molecules  so  widely  separated,  as  compared  with 
those  of  water,  that,  having  nearly  eighteen  hundred  times  the 
volume  or  space  to  move  in  which  the  molecules  or  particles  of 
water  have,  they  thus  possess,  in  the  extreme  mobility  which  this 
circumstance  imparts  to  them,  such  a  high  degree  of  elasticity  that 
by  pressure  they  can  be  forced  or  squeezed,  so  to  express  it,  into  such 
volumes  as  to  occupy  a  very  small  space  as  compared  to  their 
original  one, — just  as  by  the  accession  of  heat  they  can  be  made  to 
dilate  or  expand  into  spaces  larger  than  those  they  originally  occupied. 
We  have  here  referred  to  those  peculiarities  merely  to  mark  the 
contrast  between  those  fluids  which  are  gaseous,  and  that  fluid 
met  with  everywhere  and  known  as  water,  which  is  liquid.  This 
we  have  already  said  is  possessed  of  the  two  great  characteristics 
or  peculiarities  which  at  first  sight  seem  so  contradictory  or  opposed 
or  antagonistic  to  each  other  that  they  could  scarcely  be  conceived 
to  exist  in  one  and  the  same  body.  Those  peculiarities  already 
generally  alluded  to  are,  first,  that  extreme  mobility  in  the 
particles  or  molecules  of  the  mass  or  volume  or  body  of  water 
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which  is  the  very  opposite  characteristic  of  a  solid:  so  ojJposite 
and  so  contrary  that  the  very  term  liquid  may  be,  and  often  is, 
taken  as  a  synonym  for  something  which  is  not  solid.  The  second 
peculiarity  of  water  is  that,  while  mobile  to  a  degree,  it  is  in- 
compressible, particularly  so  as  it  is  only  under  enormous  pressure 
that  a  mass  or  volume  of  water  can  be  pressed  or  squeezed,  so  to 
say,  into  a  volume  or  mass  less — and  only  an  inconceivably  small 
space  less — than  that  which  it  originally  possessed.  This  incom- 
pressibility  gives,  then,  to  water — in  itself,  when  free  to  move,  mobile 
to  a  high  degree — confined  within  a  strong  vessel  a  characteristic  of 
solidity.  And,  just  as  by  putting  a  pressure  or  force  upon  one  end 
of  a  long  rod  of  iron  we  give  to  it  a  movement  which  extends 
throughout  the  whole  solid  mass,  and  is  transmitted  to  the  other  end 
however  distant,  so  in  like  manner,  if  we  put  a  pressure  or  force 
upon  or  at  one  end  of  a  long  rod  of  water — which  a  body  of  water 
confined  rigidly  within  the  interior  of  a  pipe,  tube,  or  cylinder 
practically  is — we  communicate  throughout  the  whole  mass  this 
pressure  or  force,  so  that  it  is  manifested  at  the  other  end  or 
extremity  of  the  rod  or  tubeful  of  water.  The  reader  will  now  be 
able  to  perceive  the  truth  of  that  important  canon  or  law  in  the 
science  of  hydrostatics  named  in  next  paragraph. 

General  Phenomena  connected  with  Water  in  a  State  of  Best  —Fressnre 

Eqnal  in  all  Directions. 

For  in  a  fluid  the  molecules,  as  say  of  water,  being  perfectly  free 
to  move  amongst  one  another,  and  this  movement  dependent  upon 
some  pressure  exerted  on  the  mass,  causing  the  molecules  to  flow  in 
a  certain  direction,  it  is  obvious  that  a  molecule  or  set  of  molecules 
can  only  be  at  rest  when  it  or  they  are  pressed  upon  on  all  sides  or 
in  all  directions.  And  it  follows  from  this  that  conversely,  when  a 
molecule  of  one  fluid  is  submitted  to  any  pressure  causing  it  to  move 
or  flow  in  any  one  direction,  it  will  communicate  the  pressure  put 
upon  itself  to  the  molecule  next  to  it,  and  this  in  turn  to  the  next 
again,  and  so  on,  until  ultimately  it  will  reach  a  part  of  the  side  of 
the  fluid  containing  vessel  or  receptacle  which  holds  the  fluid.  But 
any  one  molecule  of  the  fluid  does  not  touch  another  molecule  at  one 
side  only,  but  is  itself  surrounded  or  encircled,  so  to  say,  by  other 
molecules,  so  that  any  pressure  given  to  any  molecule  is  communicated 
to  its  neighbour  molecules  on  all  sides.  In  this  way  the  pressure 
spreads  out,  so  to  say,  or  radiates  equally  on  all  sides,  as  from  a 
centre,  and  is  thus  communicated  to  the  sides  of  the  inclosing  vessel, 
60  that  every  portion  of  its  interior  surface  is  affected.  Thus,  what- 
ever be  the  initial  or  primary  pressure  put  upon  a  given  surface,  as 
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say  a  square  inch,  the  pressure  is  communicated  to  every  cubical  inch 
of  the  fluid,  and  by  consequence,  from  what  has  been  above  stated, 
to  every  inch  of  the  surface  of  the  vessel  which  holds  or  contains  the 
fluid.  And  as  the  pressure  put  upon  any  one  molecule  or  any  one  set 
of  molecules  is  communicated  to  another  set,  it  follows  that  if  any 
body,  as  a  solid  block  of  wood,  or  this  block  hollowed  out  and  shaped 
so  as  to  represent  a  boat  or  ship,  be  suspended  in  the  fluid,  the  same 
primary  or  initial  pressure  put  upon  the  set  of  molecules  of  the  fluid, 
as  water  — as  say  the  molecules  contained  within  a  square  inch  of 
surface — is  communicated  also  to  each  square  inch  of  the  surface  of 
the  suspended  body.  This  truth,  that  pressure  is  equal  in  aU  direo- 
tions,  might  be  familiarly  and  easily  illustrated  by  practical  experiment, 
thus :  Take  one  of  the  indiarubber  water-bags  so  much  used  in 
domestic  service  for  warming  beds  for  invalids,  etc.,  and  fill  it  with 
water, — pressure  put  upon  it  by  the  hand  at  one  point  will  be  seen 
to  extend  to  all  parts  of  the  bag  surface.  For  if  squeezed  flat  at  one 
point  it  bulges  out  at  another;  and  if  a  series  of  holes  were  punctured 
in  the  bag,  however  distant  these  might  be  from  one  another,  the 
water  under  the  pressure  of  the  hand  on  the  bag  surface  at  one  fixed 
and  definite  point  would  spurt  out  with  equal  force  from  each  and 
from  all  of  the  orifices.  From  this  truth,  that  pressure  on  a  fluid  is 
equal  in  all  directions,  many  mechanical  applications  of  extreme  value 
in  the  industrial  arts  flow.  This  is  illustrated  very  strikingly  in 
what  is  called  the  "  hydrostatic  paradox,"  and  this  from  the  circum- 
stance that  a  force  or  pressure  exerted  upon  or  by  a  small  amount 
or  column  of  water  may,  through  the  agency  of  a  larger  column  of 
the  same  liquid,  exert  a  force  or  pressure  scores  or  even  hundreds 
of  times  its  own  or  original  pressure.  The  two  columns,  it  is  needless 
to  say,  are  connected  at  their  bases  by  another  mass  of  water.  On 
this  depends  the  "  hydraulic  press,"  the  invention  of  the  celebrated 
machinist  Bramah  (kence  the  press  is  often  designated  a  ^'  Bramab 
press  "),  in  which,  by  the  working  of  a  force-pump  of  small  diameter 
of  piston  or  plunger,  a  pressure  is  exerted  on  the  piston  or  plunger  of 
the  actual  "  press  "  itself  very  much  greater  than  that  due  to  a  column 
the  diameter  of  which  is  that  of  the  small  piston,  and  the  height  of 
which  would  be  correspondent  to  the  pressure  put  upon  the  ^Y^^^r  in 
the  small  force-pump.  But  although  the  principle  above  enunciated 
is  called  frequently  the  "  hydrostatic  paradox,"  there  is  in  reality  no 
paradox  whatever  involved  in  the  question ;  any  more  than  there  is  a 
paradox — although  one  might  as  well  see  it  in  this  case  as  in  that  of 
the  other — involved  in  the  fact  that  through  the  medium  of  a  bar  or 
lever  a  small  weight  at  one  end  is  seen  to  balance,  or  as  in  another 
case  to  overcome,  a  much  larger  weight  at  the  other  end  of  the  bar 
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or  lever,  this  being  provided  at  one  point  with  a  knife-edged  pivot 
or  point,  which  in  mechanics  is  termed  a  fulcrum  or  a  centre.  In 
both  cases  the — to  some  minds  strange — phenomenon  is  readily  and 
intelligently  explained  by  the  "  law  of  vertical  velocities  "  :  in  other 
words,  the  law  regulating  phenomena  in  matter,  which  is  expressed 
thus, — "Forces  which  are  in  equilibrium  must  be  in  proportion  to  one 
another  as  their  respective  velocities  "  ;  and  which  principle  sometimes 
takes  the  form  of  the  well-known  saying,  "  What  is  gained  in  power 
is  lost  in  speed."  Hence  it  is  that,  just  as  the  weight  of  the  body 
or  power  at  the  long  end  of  a  lever  or  bar,  which  is  seen  to  balance 
the  larger  weight  (or  resistance  to  the  smaller  weight),  multiplied 
into  or  by  the  distance  through  which  the  small  weight  or  power 
moves,  must  always  be  equal  to  the  larger  weight  raised  (a  resistance 
equilibrated  or  balanced)  multiplied  into  the  distance  through  which 
it  moves.  But  the  advantage  in  this  case  which  is  gained  by  the 
small  weight  balancing  a  larger  one  is  lost  by  the  velocity — ^that  is, 
by  the  time  taken  for  the  long  end  of  the  lever  to  descend  through 
the  space  necessary  to  enable  it  to  act  upon  the  short  end  carrying 
the  larger  weight.  And  as  the  element  of  time  is  that  which 
regulates  velocity,  we  have  here  the  sa3dng  exemplified  that  what  is 
gained  in  power  is  lost  in  speed  or  velocity  or  time  expended.  And 
just  as  this  is  so  in  the  case  of  a  lever  in  which  a  very  small  weight  is 
seen  to  counterbalance  a  very  much  larger  one,  so  in  the  case  of  a 
small  column  of  water  actuated  by  a  force-pump  of  correspondingly 
small  diameter  of  piston  or  plunger  balancing  a  very  much  larger 
column,  or  acting  upon  a  plunger  or  piston  of  much  greater  diameter, 
or  for  forcing  up  the  same.  The  apparent  paradox  is  explained  by 
the  law  of  vertical  velocities,  which  as  we  see  regulates  the  action  of 
the  lever,  as  explained  above.  For  the  amount  or  volume  of  water 
forced  from  the  pump  with  its  small  piston  must  be  exactly  equal  to 
that  forced  into  the  larger  pump,  so  to  call  the  chamber  of  the  actual 
pi-ess.  The  stroke  or  space  through  which  the  small  plunger  or 
piston  descends  must  be  greater  than  the  stroke  or  distance  through 
which  the  larger  plunger  ascends  in  pressing  in  the  same  time. 
These  distances  or  strokes,  be  it  noted,  here  vary  inversely  as  the 
pressures  or  forces  exerted.  Hence  th^re  is  no  motion  created  in 
the  large  plunger  (of  the  pressing  point)  greater  or  having  a  higher 
velocity  than  that  of  the  small  plunger  (of  the  force-pump) ;  hence 
also  this  other  fact,  that  the  greater  the  difference  between  the 
diameter  of  the  piston  or  plunger  of  the  force-pump  and  that  of  the 
plunger  or  piston  of  the  press,  the  greater  is  the  power  or  pressing 
force  exerted  by  the  "  press  " ;  and  also,  by  or  in  consequence  of  tho 
law  of  vertical  velocities  above  explained,  the  slower  will  be  the 
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upwai^  motion  or  ascent  of  the  plunger  or  piston  of  the  press  with 
its  table  upon  which  lie  the  bodies  to  be  pressed  (see  the  section  on 
Hydraulics).  From  the  truth  that  presaiure  exerted  upon  a  fluid  at 
any  one  point  is  ezert«d  or  manifested  equally  in  all  directions,  flows 
the  next  great  truth  in  hydrostatic  science,  named  in  next  paragraph. 


t  aonneotMl  with  Watn  in  s  State  of  B«it- PiMinr*  ai 
Deptli  or  Height  of  Wftttr  ColDmn. 
Take  a  column  or  pillar  made  of  blocks  of  stone  or  of  bricks  super- 
imposed one  upon  the  other  and  resting  upon  the  ground  as  a  base 
at  aa,  fig.  91.     In  building  up  the  column  or  piling  the  blocks  or 
bricks  one  upon  another,  when  the  fii^t  brick,  as  6,  is  laid  down,  the 


Fig.  91. 

ground  surface  of  a  a  covered  by  the  brick  will  have  a  pressure  put 
upon  it — in  the  vei-tical  direction  indicated  by  the  jirrow  i — equal  to 
the  weight  of  the  bri<di  b.  When  the  second  brick,  c,  ia  placed  in  «(u, 
the  brick  b  will  have  to  bear  the  pressure  of  that  brick,  and  the 
surface  of  soil,  a  a,  the  weight  of  two  bricks,  b  and  c.  When  the 
third  brick,  d,  is  placed  on  c,  the  brick  b  will  then  have  the  pressure 
equal  to  the  weight  of  two,  and  the  ground  surface  o  a  of  thr^e 
bricks.  And  as  the  bricks  necessary  to  form  a  column  of  a  certain 
height  are  laid  in  succession,  the  pressure  on  the  ground  a  a  covered 
by  the  surface  of  the  brick  b  will  obviously  increase.  Ihe  higher 
the  column  the  greater  the  pressure  on  the  base,  as  the  height 
ak  will  give  a  much  greater  pressure  than  when  the  column  is  only 
the  height  of  am.  We  then  in  like  manner  suppose  a  mass  of 
water  confined  in  a  vessel  or  in  a  deep  reservoir  or  tank  to  be 
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made  up  of  a  series  of  globules  or  molecules,  as  in  fig.  92,  at  ab,  each 
placed  ao  as  to  form  vertical  columoB,  as  a  b,  the  lowest,  b,  of  which 
will  have  a  pressure  or  weight  upon  it  equal  to  that  represented  by 
the  weight  of  the  whole  series  above  it.  In  round  numbers,  for  every 
foot  of  depth  of  a  mass  of  water  measuring  one  inch  square  in  section 
there  is  a  pressure  exert«d  vertically  of  half  a  pound,  so  that  for 
every  thirty  feet  of  depth  there  ia  a  pressure  of  fifteen  pounds  on 
each  square  inch  of  the  bottom  upon  which  the  it'ater  column  rests. 
We  have  already  in  a  preceding  paragraph  shown  that  the  pressure 
of  water  is  equal  in  all  directions.  It  thus  Tollowa  that  the  pressure 
of  a  molecule  or  a  set  of  molecules  is  exerted  in  as  upward  direc- 
tion, as  in  that  of  the  arrow  a,  fig.  93,  tending  to  force  the  molecules 
b,  c,  d,  upwards^  and  this  just  as  forcibly,  so  to  express  it,  as  the 


pressure  in  direction  of  arrow  e  tends  to  force  the  molecules  /,  ff,  h, 
downwards,  or  the  pressures  in  direction  of  arrow  i  or  arrow  k,  acting 
laterally  but  in  opposite  directions,  tend  to  push  or  press  the 
molecules  I  and  m  from  left  to  right  or  from  right  to  left.  Some 
youthful  readers  will  have  a  much  readier  conception  of  the  fact 
that  the  pressure  of  water  acts  in  a  downward  direction,  as  ia 
that  of  arrow  e,  than  of  the  fact  that  it  acts  in  an  upward  direc- 
tion, aa  in  that  of  arrow  a.  But  the  difficulty  will  vanish  if  he 
considers  that,  unless  the  molecule  b  had  a  power,  so  to  say,  to  press 
or  push  upwards,  as  in  direction  of  arrow  a,  it  could  not  possibly 
support  the  weight  of  the  molecule  c,  or  this  molecule  support 
molecule  d.  And  it  is  just  because  the  pressure  U  equal  in  all 
directions — ^downwards  as  at  arrow  e,  to  right  as  at  arrow  i,  to  left  as 
at  arrow  k,  and  upwards  as  at  arrow  a — that  there  is  a  balance  of 
pressure,  and  that  water  remains  at  rest  within  confined  spacee. 
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And  as  the  pressure  is  as  the  depth,  it  follows  that  the  pressure  on 
the  bottom  of  a  vessel  or  of  a  reservoir,  as  a  dock,  is  precisely  the 
same  where  the  depth  is  equal,  whether  the  area  of  the  surface  of  the 
water  is  only  a  few  square  feet,  or  an  acre,  or  the  bed  of  the  wide 
ocean.  If  it  were  not  for  this  beneficent  law,  man  could  never 
execute  his  embanking  work  to  keep  water  from  flowing  over  culti- 
vated districts — never  construct  his  dock  by  which  he  shelters  and 
accommodates  ships  of  all  kinds  and  sizes.  For  if  the  law  were  not 
so,  and  the  pressure  were  in  some  way  influenced  by  the  mass  of 
water  laterally  or  of  greater  surface,  the  pressure  of  the  ocean  or 
even  of  a  wide  river  or  estuary  would  be  so  enormous  that  no  work 


Fig.  93. 

of  man  could  possibly  resist  it.  But  with  the  fact  that  pressure 
is  as  the  depth  only,  he  finds  the  pressure  exerted  upon  a  sea  wall 
facing  the  wide  extent  of  the  Atlantic  no  greater  than  the  same 
depth  of  a  mass  of  water  which  extends  only  a  few  inches  laterally 
or  horizontally  from  the  face  of  his  wall.  This  latter  term,  hori- 
zontally, brings  us  to  the  next  truth  in  hydrostatic  science,  named 
in  next  paragraph. 

General  Phenomena  connected  with  Water  in  a  State  of  Beit— Water  always 

Finds  its  Level— Level  of  Water  Uniform. 

These  truths  we  illustrate  in  ^g.  94.     What  is  meant  by  a  level 
isurface  in  popular  language  is  that  in  a  line  or  surface  extending 

29 


450   THE   TECHNICAL   STUDENT'S  INTRODUCTION  TO  MECHANICS. 


from  one  point  to  another,  as  from  a  to  5,  the  point  a  at  one  end  is 
not  placed  either  above  or  below  the  point  6,  so  that  any  body  placed 
upon  the  surface,  such  as  a  ball,  which  could  easily  slide  or  roU  over 
it,  would  have  no  tendency  to  move  either  in  one  direction,  as  c,  or 
another,  as  d,  but  would  remain  at  rest  at  any  point  at  which  it  was 
placed.     A  line  or  surface  which  is  not  level  is  in  popular  language 


OfSm 
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Fig.  94. 


on  the  slope,  or  inclined — one  end,  as  A,  being  lower  than  the  other, 
as  g,  or  higher  as  at  k,  so  that  a  ball  would  have  a  tendency  to  roll 
either  from  the  right  to  the  left,  as  shown  by  the  arrow,  or  vice 
versd  from  left  to  right,  as  from  k  to  ;.  In  all  cases  of  levelling 
or  ascertaining  level  surfaces  there  must  be  some  fixed  or  definite 
points  from  which  to  estimate  the  difference  between  the  heights  of 
the  two  extremities  of  the  line.  These  fixed  or  definite  points  lie 
along  or  in  a  line  which  is  technically  termed  a  ''  datum  line.''    Thi^ 
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of  itself  must  obviously  be  a  level  line.  In  diagram  fig.  94  e/and  n  I 
are  the  datum  lines,  by  which  the  lines  a  by  hg,  and  k  I  are  compared. 
In  the  level  line  a  b  this  is,  of  course,  parallel  to  the  "  datum  line  "  ef. 
The  other  lines  are  oblique  to  or  at  an  angle  with  the  ^Matum 
lines ''  ij,  n  I.  The  young  reader  will  at  this  stage,  no  doubt,  inquire 
"  How  is  the  *  datum  line '  itself  known  to  be  level  1 " — to  which  the 
answer  is  that  a  level  line  is  always  one  which  is  parallel  to  the 
surf^u^  of  the  earth,  or  what  is  technically  called  a  "  ground  line  " 
or  "ground  level."  This  earth^urface  line  is  one  in  which,  ac- 
curately or  precisely  defined,  every  point  is  equidistant  from  the 
centre  of  the  globe  or  earth.  Thus  the  line  oj9  o  is  a  "  level  line  " 
scientifically  or  accurately  correct,  inasmuch  as  every  point  in  its 
length,  as  m,  p^  or  o,  is  at  an  equal  distance  from  the  centre  q  of  the 
globe.  Here  the  young  reader  will  say — "  But  this  line  m  p  o  is  a 
curved  line,  and  with  the  conception  of  a  level  line  I  always — every- 
body always — ^associates  the  idea  of  a  line  straight,  or  *  right  line ' ; 
as  the  geometrical  books  tell  me  a  straight  Hne  is  called,  as,  for 
example,  the  line  a  6."  But  the  reply  is  this  :  The  lines,  as  ^^  or 
h  I,  are,  while  straight  or  right,  not  curved  lines,  inasmuch  as  the 
points  g  and  k  are  not  at  equal  distances  from  a  given  point  corre- 
sponding to  a  fixed  point,  as  g.  But  while  a  natural  level  line  is 
actually  curved,  as  at  mp  o,  the  circumference  of  the  globe  or  earth 
is  so  vast  that,  compared  with  any  given  length  of  it,  any  line  which 
we  would  "  set  off,"  and  would  call  a  long  one— as,  for  example,  one 
of  a  mile  long — would  be  a  mere  trifie  when  compared  with  the 
circumferential  line  of  the  earth  taken  as  a  whole.  And  the  young 
reader  who  has  studied  carefully  the  volume  in  this  series  entitled 
"The  Geometrical  Draughtsman"  will  know  that  a  circle  is  in 
reality  not  a  surface  bounded  by  a  line  which  is  curved,  but  is  itself 
a  polygonal  figure,  having  an  infinite  series  of  straight  lines.  The 
reader  who  has  never  taken  this  the  correct  view  of  the  subject  will 
find  it  fully  illustrated  and  described  in  the  volimie  just  named. 

In  practice,  where  comparatively  short  lines  are  to  be  tested,  to 
ascertain  whether  they  are  "  level "  or  not,  an  instrument  called  a 
"spirit  level"  is  employed.  The  principle  upon  which  this  is  con- 
structed is  illustrated  in  ^g.  94,  ante.  In  this  r«. represents  a  glass 
tube  a  few  inches  in  length  secured  to  a  solid  piece  of  hard  wood, 
generally  mahogany  or  bay  wood,  the  under  side  tu  oi  which  is 
parallel  to  the  top  surface,  which  is  covered  with  a  brass  plate,  to 
protect  the  glass  tube  r  «,  which  is  embedded,  so  to  say,  in  the  stand 
or  block.  A  part  of  the  brass  plate  or  cover  is  cut  out,  so  as  to  make 
the  central  part  of  the  glass  tube  ra  visible.  The  glass  tube  is 
nearly  filled  with  spirits  of  wine,  and  then  "  hermetically  sealed " 


452    THE    TECHNICAL    BTUDBNT's   INTRODUCTION    TO    MECHANICS. 

at  the  ends.  We  have  said  nearly  tilled,  almost  so  completely  that 
but  a  very  small  part  of  the  tube  is  left  empty.  This,  of  course, 
leaves  a  smalt  "air  bubble"  in  the  interior  of  the  glass  tube,  and 
this  has  such  mobility  that  the  slightest  change  in  the  position  of 
the  stand  tu  changes  the  position  of  the  air  bubble.  If  the  stand  lu 
be  placed  on  a  flat  surface,  and  the  .bubble  oocupiee  the  exact  centre 
of  the  tube  as  at  »,  then  equidistant  as  it  is  from  the  two  ends  r,  e, 
tbe  surface,  as  I  u,  on  which  the  spirit  level  rests,  is  said  to  be 
"  level,"  technically  "  dead  level "  or  "  true  level."  If  the  air  bubble, 
ae  V,  inclines  to  the  left  hand  of  tbe  tube  when  the  level  is  placed  on 
a  flat  surface,  as  at  w,  the  line  or  surface  a:  y  slopes  from  left  to 
right, — conversely  if  the  position  which  the  air  bubble  takes  is 
as  at  z. 

From  the  hydraulic  truth  thus  explained,  that  the  level  of  water  is 
uniform  in  all  cases,  this  follows, — That  no  matter  how  diverse  in 


Fig.  95. 

form  and  dimensions,  or  how  numerous  vessels  containing  water  may 
be,  if  only  they  are  each  individually  connected  with  a  source  of 
supply  common  to  them  all  the  water  will  remain  in  all  the  vemela 
at  the  same  level.  This  is  illustrated  in  fig.  95,  in  which  the  vessels, 
ae  a,  b,  c,  d,  e  and  /,  are  connected  at  the  base  with  a  vessel  gk  i  common 
to  them  all,  the  water  is  at  the  same  level,  or  equally  distant  from 
the  line  g  i,  which  represents  the  "  datum  line."  Tbe  same 
principle  is  Ulustrated  in  fig.  96,  in  which  a,  b,  c  represent  a  series 
of  pits  or  ponds  l3rtng  in  a  surface  more  or  less  nearly  approaching 
to  a  level,  but  which  are  connected  with  each  other  by  artificial 
tubes,  or  by  natural  fissures  in  the  soil.  The  water  stands  at  the 
same  level,  as  at  fg,  in  all  the  three  pita  or  ponds.  The  same 
principle  is  further  illustrated  in  the  same  figure,  showing  these  pita 
placed  in  a  hillside  or  in  an  inclined  or  sloping  surface.  Yet 
because  these  are  connected  with  each  other  by  fissures  or  tubes  at 
the  parts  t,  A,  the  level  of  the  water  in  the  three  pits  A,  i,j  stands  at 


THE  TECHNICAL   STUDENt's  INTRODUCTION  TO  MECHANICS.   453 


the  same  level  as  at  the  line  nn.  It  is  impossible  to  overestimatd 
the  mtaterial  advantages  which  flow  to  men  from  or  through  these 
great  truths  now  explained  in  the  science  of  hydraulics,  as  provided 
for  by  an  all- wise  and  beneficent  Creator. 

Oexieral  Phenomena  connected  with  Water  in  a  State  of  Beit— Displacement 
of  Water  by  Floating  Bodies— Floating  of  Bodies. 

We  have  seen  that  as  water  exercises  pressure  in  all  directions, 
a  body  such  as  a  piece  of  timber  which  can  float — not  sink  to  the 
bottom — ^the  pressure  communicated  to  the  sides  of  the  vessel  con- 
taining the  water  is  also  communicated  to  the  surface  of  the  timber 


"'$ 


m. 


Fig.  96.    • 

body  floating  in  it.  It  would  not,  in  point  of  fact,  float  at  all  unless 
some  pressure  was  exercised  upon  it  to  keep  it  up.  It  is  a  principle 
or  law  of  physics  that  no  two  bodies  can  exist  at  the  same  time  in 
the  same  place.  Each  body  must  have  its  own  place,  and  no  other 
can  possibly  get  into  that  place  so  long  as  the  primary  body  rests 
or  remains  in  it.  From  this  law  or  principle  it  follows  that  a 
piece  of  timber  capable  of  floating  in  water  must,  before  it  can 
find  its  place  in  the  water,  have  displaced — or  put  aside,  to  use 
familiar  language — a  certain  amount  or  bulk  of  water  equal  to  its 
own  bulk ;  and  this  just  as  in  passing  a  ball  into  a  close-grained 
plastic  substance  a  portion  of  the  plastic  substance  must  be  displaced 
or,  so  to  say,  shoved  aside  before  the  ball  can  find  a  place  in  it,  and 
the  bulk  of  stuff  pushed  aside  will  clearly  be  equal  to  the  bulk  of 
the  ball  pressed  into  it.     Now,  when  a  floating  body  is  immersed  or 
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plunged  into  water^  it  displaces  a  quantity  of  water  equal  to  its  own 
bulk;  and  this  quantity  having  previously — before  the  body  was 
immersed  in  the  water — ^been  itself  kept  up  or  supported  in  its  place 
by  the  pressure  of  the  surrounding  molecules,  it  is  obvious  that  this 
same  pressure  would  be  transferred  to  the  floating  body,  the  result 
of  the  condition  here  explained  being  that  the  floating  body  would 
be  buoyed  or  pressed  up  by  a  pressure  precisely  equal  to  the  weight 
of  the  water  which  it  displaced  or  pushed,  so  to  say,  aside.  On  this 
important  law  is  based  the  whole  of  the  art  of  navigation  of  boats 
and  ships,  and  it  carries  with  it  so  many  important  issues  mechanic- 
ally or  physically  that  it  will  be  necessary  to  go  somewhat  into  detail 
concerning  it,  all  the  more  that  some  of  the  points  are  by  no  means 
easily  grasped  and  got  at  by  many  readers.  We  hope,  however,  to 
make  this  plain. 

When  a  body  is  placed  in  water  and  left  free,  it  has  a  tendency- 
through  giavity  to  drop  or  sink  downwards  to  the  bottom,  and  this 


Fig.  97. 

in  proportion  to  its  own  weight.  But  as,  in  accordance  with  the 
principle  or  truth  in  physics  known  as  "  impenetrability,"  no  two 
bodies  can  exist  in  the  same  space  at  the  same  time  :  when  the  body 
finds  a  place  in  the  water  it  can  only  find  it  by  dislodging,  or,  as 
the  technical  term  has  it,  '^  displacing  "  some  of  the  water,  in  order 
to  make  room,  so  to  say,  for  itself.  If  we  suppose  that  the  body 
was  placed  upon  the  top  of  an  elastic  substance,  such  as  wool  con- 
tained in  a  vessel  or  box,  the  body  could  only  And  a  place  amongst  or 
upon  the  wool  by  compressing  it,  or  squeezing  so  much  of  it  together 
as  to  give  it  a  place,  and  the  amount  of  compression  would  be  that 
due  to  the  weight  of  the  body.  But  water,  as  we  have  seen,  is 
practically  incompressible,  so  that  a  number  of  particles  which  would 
go  to  make  up  a  bulk  of  the  same  kind  or  amount  as  that  of  the 
body  must  be  displaced  or  pushed  aside,  to  use  the  popular  term, 
before  the  body  can  find  a  place,  so  to  say,  in  the  general  body 
of  water.  Thus,  let  a  6  c  d,  in  fig.  97,  be  a  vessel  which  contains 
water — it  may  represent  the  cross  section  of  a  canal  lock — and  so 
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fall  that  its  level  is  exactly  on  a  level  with  the  upper  edge,  as  a  dm 
Let  efghhesk  floating  body  placed  or  plunged  into  the  water,  the 
top  line  or  surface  of  which  is  coincident  with  the  line  a  doi  water 
in  the  vessel  ah  c  d.     Now,  as  "  room   must  be  made  for  it,"  to 
put  the  point  in  familiar  language,  in  virtue  of  the  principle  of 
impenetrability  above    named,  it  is   obvious  that   just    as  much 
water   and   no    more  will   be    displaced    from    the   general    body 
as  will  be  precisely  equivalent  to  the  bulk  of  the  body  e  /  g  h. 
But  as  the  vessel  is  quite  full  up  to  the  very  edge  a  c?,  and  as  room 
must  in  turn  be  made  for  the  bulk  of  water  displaced,  this  of  necessity 
flows  over  the  edge.     If  the  body  efghhe  now  taken  out  of  the 
vessel  a  b  c  d,  in  proportion  as  the  body  is  lifted  up  so  will  the  water 
in  contact  with  it  be  forced  back  to  fill  up  what  was  the  void — ^the 
pressure  of  the  water  being  equal  in  all  directions — till  the  point 
where  the  body  is  wholly  lifted  out,  when  the  water  which  was 
around  the  body  is  forced  into,  or  flows  back  into,  the  space  which 
the  body  occupied.     But  while  the  water  in  the  vessel  assumes  the 
level,  that  level  is  no  longer  at  the  line  a  d,  but  is  at  a  point,  say, 
represented  by  the  dotted  line  ij,  which  is  just  so  much  lower  as 
the  bulk  or  volume  of  water  now  present  in  the  vessel  is  less  than 
when  it  was  filled  up  to  the  level  of  the  edge  a  d,  and  this  volume  is 
precisely  the  same  as  the  bulk  or  volume  of  the  body  efgh.     To 
prove  this  we  can  suppose  that  when  the  body  was  first  plunged  into 
the  water  in  a  b  c  d,  in  place  of  allowing  the  volume  displaced  or 
dislodged  by  it  to  run  uselessly  away  and  be  lost,  it  had  been  caught 
up  and  retained  by  another  vessel,  a.s  mn,in  which  abed  was  placed ; 
if  the  whole  of  this  be  now  collected  and  put  back  again  into  the 
vessel  abed,  oi  which  the  lessened  amount  or  volume  gives  the  level 
or  height  at  ij,  the  vessel  will  be  again  filled,  and  the  level  wiU  rise 
to  the  original  level  a  d.    We  here  presume  that  care  has  been  taken 
to  collect  and  return  the  whole  of  the  water  which  was  "  displaced  " 
by  the  body  e/g  A,  and,  as  the  vessel  was  quite  full,  was  of  necessity 
"  dislodged  "  from  it.     The  student  will  now  see  how  any  body  which 
is  placed  in  or  plunged  into  water  displaces  a  volume  of  water  pre- 
cisely equal  to  its  own  bulk,  and  if  there  be  room  in  the  vessel 
holding  the  water  the  level  of  the  water  will  rise  just  in  proportion 
to  the  bulk  of  the  body,  or  if  the  vessel  be  full,  as  much  will  be 
dislodged  from  the  vessel  and  flow  away  from  it  as  equals  that  bulk. 

Displaoement  of  Water  by  Bodies  floating  in  it. 

All  the  considerations  connected  with  the  point  above  explained 
are  quite  independent  of  the  fact  whether  the  body  remains  or  is 
suspended,  so  to  say,  in  the  position  as  in  fig.  97,  or  whether  it  sinks 
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lower  towards  the  bottom,  or  rises  up  or  '*  floats  higher  "in  the  water. 
But  if  the  point  be  further  pursued,  the  young  reader  may  see  the 
reason  why  one  body  sinks  in  water  till  it  reaches  the  bottom,  or 
sinks  so  far  that  it  is  submerged  or  covered  with  a  certain  depth  of 
water  above  it ;  while  another  body  does  not  sink,  but  is  supported, 
to  use  the  popular  phrase,  by  the  water,  and  "  floats  "  upon  the  sur- 
face, or  more  correctly,  sinks  so  far  into  the  water  that  part  of  the 
depth  of  the  body  is  submerged  below  the  surface  or  general  level  of 
the  water.  Previous  to  the  body  efgh,  fig.  97,  being  placed  in  the 
water,  the  volume  of  water  it  was  about  to  displace,  and  which 
volume  is  obviously  represented  by  the  same  bulk — namely,  efg  h — 
must  also,  and  obviously,  have  been  supported  or  held  up  by  the 
presence  of  the  water  acting  upwards  in  the  direction  of  the  arrow  k 
on  the  line/f/,  which  we  can  suppose  to  be  the  base  or  bottom  of  the 
bulk  or  volume  of  water  efg  h.  This  the  young  reader  will  see  must 
be  so  if  he  remembers  what  has  been  said  of  pressure  acting  equally 
in  all  directions  in  a  body  of  water.  And  still  conceiving  a  volume 
or  bulk  of  water,  as  efg  A,  to  be  as  it  were  distinct  from  the  general 
mass,  it  will  be  pressed  equally  in  the  direction  of  the  right-hand 
arrow  on  the  side  g  A,  as  it  is  pressed  in  the  direction  of  the  left- 
hand  arrow  on  the  side/e;  and  as  it  is  pressed  upwards  in  that  of 
the  arrow  A;,  and  being  thus  pressed  equally  on  all  sides,  the  volume 
rests  quiescent  in  the  position  as  2Xefgli,  Now,  keeping  in  mind 
the  fact  of  the  upward  pressure  acting  on/^  in  the  direction  of  the 
arrow  h  as  holding,  forcing  or  pressing  up  the  bulk  or  volume  of 
water  represented  hj  ef  g  h, — if  the  student  will  now  conceive  this 
bulk  to  be  taken  up  and  occupied  by  a  floating  body  of  the  same 
bulk  or  volume,  e  f  g  h,it  is  obvious  that  its  lower  side,  Sis/g,  and 
its  right  and  left  end-sides,  e/^  g  A,  will  be  acted  upon  by  the  water 
in  the  direction  of  the  arrow  k,  and  those  near  the  sides  i  and  j*,  just 
as  in  the  case  cited  above,  where  we  supposed  the  bulk  efgh  to  be 
water.  The  point  here  stated  is  one  of  such  importance  in  all  ques- 
tions connected  with  the  science  of  hydrostatics  as  affecting  bodies 
or  vessels  placed  in  and  floating  on  water,  that  it  will  be  well  still 
further  to  go  into  its  consideration.  Take  any  body  or  mass  of 
water  inclosed,  whether  it  l^e  by  the  banks  of  a  river,  the  walls  of  a 
dock,  or  the  sides  of  a  canal  lock,  in  the  large,  or  in  a  vessel  of  no 
great  dimensions  in  the  small  scale.  Let  us  conceive  of  this  body  or 
mass  of  water  as  being  made  up  of  a  series  of  hexagonal  columns, 
which  from  their  sectional  outline  or  form  will  lie  closely  together 
without  any  intervening  space,  the  inclosing  sides  being  finished 
with  half-hexagons  and  the  voids  filled  so  as  to  form  the  whole 
surface  of  hexagons.     The  height  of  these  hexagonal  columns  is  equal 
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to  the  depth  of  the  mass  of  water  or  its  height  from  base  to  level 
line  at  top  of  inclosing  space.  If  we  conceive  of  those  columns  being 
infinitely  small  in  section,  all  of  the  same  height  and  all  vertical,  the 
surface  of  the  water  will  be  level  and  quiescent — that  is,  when  not 
subjected  to  any  exterior  force,  as  that  of  wind,  tending  to  disturb 
that  level  and  raise  one  part  above  the  surface  of  another  part.  And 
being  thus  perfectly  quiescent  in  the  conditions  above  named,  the 
columns  as  a  whole  must  be  in  a  balanced  condition,  or,  to  use  the 
technical  expression,  in  equilihrio.  If  we  further  conceive  every  one 
of  the  hexagonal  columns  to  be  cut  across  at  certain  definite  intervals 
of  its  height,  we  have  a  series,  so  to  say,  of  discs  of  definite  thickness, 
the  whole  height  of  the  column  being  made  up  of  a  series  of  those 
discs,  each  one  resting  upon  another,  the  last  one  at  the  foot  of  the 
column  resting  upon  the  bottom  of  the  dock,  canal  lock,  or  river 
bed,  or  base  of  containing  vessel,  and  exerting  thereon  a  certain 
pressure.  It  is  obvious  that  the  amount  of  this  pressure  is  deter- 
mined by  the  number  of  the  discs — ^that  is,  by  the  height  of  the 
column.  We  only  make  this  remark  in  passing,  as  it  refers  to  another 
branch  of  hydraulic  engineering ;  we  have  at  present  to  concern  our- 
selves with  the  relation  which  one  disc  has  to  another  in  the  same 
columns,  and  that  which  this  bears  to  the  other  columns  surrounding 
it.  If  we  suppose  the  column  to  be  represented  by  the  arrow  k,  in 
^g,  97  (ante),  a  disc  at  any  point  in  its  height  between  the  bottom 
and  the  top — as,  say,  at  a  point  coincident  with  the  line  ij — 
possessing  as  it  does  a  certain  weight  of  water,  has  a  tendency,  if  not 
supported,  to  drop  or  fall  down  vertically  in  the  direction  of  the 
arrow  I.  But  the  disc  cannot  drop,  because  it  is  supported  by  a  disc 
immediately  below  it ;  and  this  lower  disc — as  indeed  and  of  necessity 
the  upper  disc  in  our  supposed  case — is  kept  pressed  or  pressing  up 
in  its  effort,  so  to  express  it,  to  escape  from  the  pressures  which  are 
being  exerted  on  all  sides  of  it,  as  in  the  direction  of  the  horizontal 
arrows  i  and^',  fig.  97,  and  the  vertical  arrow  k.  The  same  holds  true 
of  any  other  column ;  and  all  being  under  precisely  the  same  con- 
ditions, the  result  is  that  the  whole  remain  in  a  state  of  balance  or 
equilibrium — that  is,  supposing  that  no  exterior  disturbing  force  is 
exerted  on  the  mass  of  them. 

And  by  enlarging  our  conception  of  the  size  or  section  of  the 
hexagonal  columns,  we  may  arrive  at  the  idea  of  one  of  them  so 
large  as  to  weigh,  say,  one  pound.  Now,  in  this  case  it  is  evident 
that  the  bulk  of  the  disc  would  be,  could  be,  no  other  in  weight  than 
one  pound.  And  giving  to  this  bulk  the  technical  name  used  in 
relation  to  this  part  of  the  science  of  hydrostatics — namely, "  volume" 
— we  should  have  the  disc  of  a  volume  equal  to  the  weight  of  a  pound 
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of  water  ;  and  the  pressure  of  the  disc  immediately  under  it — that  is, 
the  disc  having  also  a  weight  and  a  volume  equal  to  the  weight  of 
one  pound — ^would  press  upwards  with  the  weight  of,  or  the  pressure 
corresponding  to,  a  pound.  And  if  we  conceive  the  place  of  the  disc 
of  water  to  he  occupied  by  a  disc  of  wood,  the  volume  or  bulk  of  the 
wood  would  be  exactly  the  same  as  that  of  the  disc  of  water  it 
"  displaced."  And  the  conditions  as  to  pressure  would  be  precisely 
the  same.  In  this  case  we  should  say  that  the  disc  of  wood  which 
took  the  place  of — or,  to  use  the  technical  term,  displaced — the  disc 
of  water  represented  a  volume  equal  to  its  weight,  or  vice  versd. 
Nor  would  the  condition  be  altered  if  we  suppose  that  the  disc,  say 
of  an  inch  in  thickness  or  height,  considered  in  relation  to  the  vertical 
column  of  which  it  formed  a  part,  was  composed  of  *  two  materials, 
half  an  inch  being  of  wood  and  half  of  cork  :  although  the  one  half 
might  be  twice  as  heavy  as  the  other,  the  bulk  or  volume  would  still 
be  the  same  as  that  of  the  disc  of  wat^r  which  it  displaced,  and  thus 
the  conditions  would  be  as  before ;  the  volume  or  bulk  in  all  these 
cases  being  the  dominant  consideration,  and  this  regulating  the  weight, 
and  therefore  the  pressure,  of  water  which  this  volume  represented. 

Furtlier  Considerationa  connected  with  the  Displacement  of 
Water  by  Bodies  floating  in  it. 

Bearing  in  mind  what  has  been  said  as  to  pressure  of  water  being 
equal  in  all  directions,  and  in  relation  to  the  case  represented  by 
fig*  97  (ante),  the  fact  that  the  upward  pressure  acts  on  fg  in  the 
direction  of  the  arrow  k,  holding,  forcing,  or  pressing  up  and  support- 
ing the  bulk  or  volume  of  water,  which  may  be  considered  as  sender 
lip  of  a  number  of  the  discs  referred  to  in  the  last  two  paragraphs, 
represented  by  efg  h, — if  the  reader  will  now  conceive  this  bulk  to 
be  taken  up  and  occupied  by  another  body  of  a  different  character, 
say  a  solid,  which  floats  at  the  same  level,  he  will  see  that  the  same 
pressure  as  represented  by  the  upward-pointing  arrow  k  forces,  holds 
up,  or  presses  upon  the  solid  body  and  prevents  it  from  sinking. 
We  have  seen  that  the  bulk  of  water  displaced  by  this  body  is  equal 
to  its  own  bulk.  Now,  the  force  represented  by  the  vertical  arrow  ^, 
holding  up  the  solid  body,  is  egiuil — as  it  is  also  opposite — to  the 
weight  of  the  volume  of  displaced  tcater.  Thus,  if  the  volume  of  water 
displaced  from  the  vessel  abed  in  ^g,  97,  and  caught  up  by  and 
retained  in  the  vessel  m  w,  be  taken  and  weighed,  and  then  the 
solid  body  efgh — which,  be  it  remembered,  floats  in  the  position 
efgh — be  taken  and  also  weighed,  the  weight  of  the  one  will  be 
found  exactly  equal  to  the  other — ^that  is,  on  the  supposition  that 
all  the  water  displaced  from  a  b  c  d  he  taken  from  the  vessel  k  I, 
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If  the  weight  of  the  displaced  water  be  less  than  that  of  the  body, 
the  difference  shows  the  weight  or  quantity  of  water  lost,  or  such 
as  may  be  supposed  to  be  lost,  by  some  of  the  displaced  water 
adhering  to  the  sides  or  surfaces  of  the  vessels.  Bearing  this  truth 
in  mind,  which  we  have  italicised  above,  we  now  see  how  it  affects 
the  question  of  a  body  either  sinking  down  into  and  through  the 
water,  or  "  floating  "  near  its  surface.  The  upward  pressure  repre- 
sented by  the  up-pointing  vertical  arrow  k  in  fig.  97  is  alwajrs  equal 
to  the  weight  of  the  volume  of  water  displaced  by  the  body,  and 
while  the  bulk  of  the  body,  b&  efgh,  remains  constant,  the  pressure 
upwards,  represented  by  the  arrow  A:,  will  also  be  constant,  for  that 
pressiire  is  equal  to  the  weight  of  the  volume  of  water  displaced, 
and  that  volume  is  the  same  as  is  regulated  by  the  bulk  of  the  body 
which  displaces  it. 

Kelation  of  the  Weight  of  Floating  Bodies  to  the  Volume  of  Water 
they  displace — The  Burden  or  Tonnage  of  Ships. 

We  have  just  explained,  by  means  of  the  illustration  in  fig.  97,  that 
the  weight  of  water  displaced  by  a  body  floating  in  it  must  always  be 
equal  to  the  weight  of  that  body,  and  that  the  pressure  of  the  water 
acting  upwards,  as  in  the  direction  of  the  arrow  ^,  fig.  97,  must  be 
equal  to  the  weight  of  the  water  displaced  by  the  floating  body: 
it  follows  also,  as  a  matter  of  course,  that  if  that  body  be  weighted 
— that  is,  be  made  to  carry  a  small  load — an  amount  of  water  will  be 
displaced  equal  to  the  amount  of  load  extra,  or  in  addition  to  that 
which  in  its  original  condition  it  displaced.  Thus,  suppose  the  vessel 
abed,  fig.  97,  is  filled  with  water  quite  up  to  the  level  of  top  ad. 
Now  immerse  gently  the  body  efg  A,  which  suppose  to  be  a  block 
of  wood  of  such  gravity  that  it  floats  as  shown.  As  the  body  or 
block  gets  immersed  and  floats,  the  water  runs  over  the  edge,  a  dy 
of  the  vessel  abed,  and  is  caught  up  and  retained  by  the  vessel  m n, 
in  which  it  stands.  We  have  shown  that  the  weight  of  the  water 
displaced  from  abed  and  caught  up  in  m w  is,  allowing  for  waste 
water  adhering  to  the  surfaces  of  the  two  vessels,  precisely  the  same 
as  the  weight  of  the  body  efg  h.  After  weighing  the  body  replace 
it  in  the  water  in  abed,  and  it  will  float  in  the  same  position  as 
before,  with  the  water  line  at  ad.  Place  some  small  weights  on 
the  top,  eh,  of  the  block  efgh,  and  the  water  will  flow  over  the 
edge,  displaced  by  the  greater  weight,  and  be  caught  up  by  the  vessel 
wi  n.  Presuming  that  the  water  at  first  displaced  by  the  simple  block 
efgh,  and  which  was  taken  out  of  the  vessel  mn  and  weighed,  has 
been  retained  in  the  vessel  in  which  it  was  weighed,  and  which  is 
large  enough   to  contain   more  than  this — weigh  now  the  second 
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portion  of  water  caught  up  in  m  n,  and  then  pour  it  into  the  large 
vessel.  It  will  be  found  that  the  united  weight  of  the  two  portions 
of  displaced  water  will  be  precisely  equal  to  the  block  efg  h  with  its 
load  of  small  weights,  if  the  two  be  taken  out  and  weighed.  Here 
we  have  a  condition  of  matters  in  which  we  can  on  the  one  hand 
calculate  the  exact  weight  of  the  body  e  f  g  h  with  its  load,  by 
weighing  the  water  which  it  displaces,  or  we  can  conveniently  tell 
or  calculate  the  weight  of  water  displaced  by  a  given  floating  body 
if  we  know  the  weight  of  that  body.  The  relation  of  the  facts  we 
have  now  stated  to  the  department  of  mechanics  known  as  "  specific 
gravity,"  by  which  the  different  weights  or  densities  of  differing 
bodies  or  substances  are  ascertained  in  relation  to  a  certain  standard, 
will  be  found  in  its  proper  place  fully  explained  in  the  present  work. 
What  we  have  now  to  concern  ourselves  with  is  their  relation  to  the 
technical  points  connected  with  floating  bodies,  as  boats  and  ships. 
Our  young  readers  must  have  frequently  come  across  the  expression 
**  ship's  burden  "  (often  spelt  "  burthen  "),  or  tonnage  of  ships,  a 
term  indicating  that  they  can  carry  safely  goods  or  weights  of  so 
many  tons  in  amount.  The  relation  of  the  illustration  just  given 
to  this  subject  will  now  appear  obvious.      For,  as  we  now  know  j 

every  addition  to  the  load  of  a  floating  body  adds  to  the  dis- 
placement of  water  and  to  the  weight  of  this,  we  have  a  means 
of  ascertaining  what  a  given  ship  will  carry,  for  eveiything  on 
"  board  of  her,"  to  use  the  technical  nautical  phrase,  as  it  possesses 
weight,  displaces  a  deflnite  and  equal  weight  of  water.  And  we 
have  therefore  only  to  calculate  the  displacement  due  to  her  im- 
mersion, or  floating  line,  express  this  in  cubic  feet,  and  multiply  the 
number  of  feet  by  the  weight  of  a  cubic  foot  of  water,  to  find 
the  total  displacement — which  of  course  gives  the  equivalent  for 
the  weight  of  the  vessel  and  its  load.  It  is  a  comparatively  easy 
thing  to  calculate  the  displacement  of  a  floating  body  or  vessel  of 
regular  outline,  such  as  that  at  efghy  the  length  and  depth  of 
which  are  at  fg^  and  ef  or  h  g,  and  the  breadth  of  which  is  known  ; 
for  obviously  the  volume  of  water  displaced  is  just  that  occupied  by 
this  solid  parallelopipedon  or  rectangular  prism,  the  cubic  contents 
or  bulk  of  which  it  is  a  very  easy  matter  to  compute.  The  case  is 
different  with  a  boat  or  ship,  the  "  lines "  of  which,  as  even  the 
youngest  of  our  readers  knows,  vary  very  much,  and  give  to  the 
solid  body  a  very  complicated  form  to  estimate  the  cubic  contents  of. 
Nevertheless,  although  this  is  not  practically  done  with  definite 
precision,  approximative  calculations  are  made  with  such  a  near 
approach  to  the  actual  displacement  that  this  approximation  can  be 
relied  upon  for  all  practical  purposes. 
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Baoyancy  of  Floating  Bodies— Belation  of  Balk  to  Weigbt  of  and  to  tbe 

Displacement  of  Water  by  Bodies. 

We  have  already  stated  that  the  upward  pressure  of  the  water, 
represented  by  the  arrow  k  in  ^g,  97,  is  always  equal  to  the  weight 
of  the  volume  of  water  displaced  by  the  body,  and  while  the  bulk 
of  the  body  remains  constant  the  pressure  upwards  will  always 
be  constant.  But  while  the  bulk  or  volume  of  the  Heating  body 
efg  h  remains  constant,  the  weight  may  vary,  and  that  very  ma- 
terially. If  the  weight  of  the  body,  represented  by  efg  A,  fig.  97, 
be  equal  to  the  weight  of  the  volume  efgh  of  the  water  which 
its  bulk  displaces,  the  weight  which  gives  it  what  may  be  called 
a  sinking  or  dropping  force,  in  the  direction  of  the  arrow  Z,  is 
balanced  by  the  equal  weight  represented  by  the  vertical  arrow  ^, 
and  which  is  due  to  the  weight  of  the  displaced  water.  The  two 
forces  being  thus  equal  and  opposite,  the  body  efg  h  floats,  and  does 
not  sink.  But  if  we  suppose  now  that  the  body  efg  A,  still  main- 
taining its  hulk  constant,  is  made  of  a  much  denser  material  than 
before,  its  weight  is  just  so  much  the  greater;  but  the  bulk 
remains  still  the  same,  and  the  same  volume  of  water  is  displaced 
as  before,  and  the  pressure  due  to  the  weight  of  this  is  also  as 
before.  If  we  take  twenty  pounds  to  represent  this,  we  have  in  the 
greater  weight  of  the  new  body,  which  we  suppose  to  be  forty 
pounds,  an  excess  of  twenty  pounds;  so  that  the  body  no  longer 
floats,  but  sinks,  or  sinks  deeper,  and  this  to  a  depth  corresponding 
to  the  proportion  which  exists  between  the  weight  of  the  body  and 
the  weight  due  to  the  displacement  of  the  water  by  its  bulk. 

A  log  of  timber  or  part  of  a  tree  of  great  density  or  weight  as 
compared  to  its  bulk,  say  teak,  sinks  to  a  certain  depth  when  placed 
in  water ;  a  log  or  part  of  a  tree  of  a  less  dense  or  lighter  character, 
such  as  pine,  floats,  although  both  logs  are  of  the  same  bulk.  But 
the  reason  why  the  one  sii^  and  the  other  floats,  the  young  reader 
will  now  perceive,  is  owing  to  the  fact  that  the  teak  log  displaces  a 
volwme  of  water  the  weight  of  which  is  less  than  its  own  weight,  and 
which  has  not,  therefore,  a  pressing  or  holding-up  force,  as  repre- 
sented by  k  in  ^.  97,  capable  of  balancing  the  force  of  weight  or 
gravity  of  the  teak  represented  by  the  arrow  I ;  while  the  pine  floats 
for  the  converse  reason :  its  bulk — the  same  as  that  of  the  teak — 
displaces  the  same  volume  of  water  as  the  teak,  but  the  weight  of 
this  volume  is  so  much  greater  than  the  weight  of  the  pine  log, 
that  it  has  an  excess  of  pushing  or  holding-up  force  to  spare,  so 
to  put  the  point  familiarly,  which  therefore  goes  to  keep  the  log 
floating. 
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Bnoyanoy  of  Solid  and  EoUow  Floating  Bodi«i. 
But  if  we  hollow  out  the  Bolid  teak  log  a  in  fig.  98,  which  sinks, 
as  at  arrow  b,  stopping  short  at  the  enda,  as  at  ed  anA  at  /g,  to 
prevent  the  water  from  entering,  we  thus  nltor  it,  and  lessen  its 
weight  while  we  still  keep  its  bulk  the  same.  And  this  latter  being 
maintained,  we  have  the  same  pressing  or  holding-up  force  due  to  the 
displaced  water  as  before.  And  if  we  hollow  out  the  log  sufficiently, 
we  can  so  far  lighten  its  weight  that  this  will  be  bo  much  less  than 
the  weight  of  the  volume  of  water  which  its  bulk  displaces,  that  th« 
log,  heavy  to  sinldng  before,  may  float  high  out  of  the  water.  By 
thus  lessening  the  weight  of  a  body  placed  in  water,  we  are  said 
technically  to  increase  its  "  buoyancy,"    We  can  even  suppose  that 


a  solid  bar  of  iron,  as  at  a,  fig.  99,  which  would  sink  instantly  if 
placed  in  water,  because  its  weight  would  be  infinitely  greater  than 
the  weight  of  the  volume  of  water  which  its  bulJc — small  compared 
to  the  weight — would  displace,  might  be  so  hollowed  out  after  the 
manner  of  the  supposed  teak  log  in  fig.  98,  and  as  shown  at  d  c  in 
fig.  99.  The  point  here  graphically  illustrated  shows  how  a  vessel 
made  of  iron  floats  as  safely,  if  well  designed,  as  one  of  wood,  and 
explains,  what  has  been  a  puzzle  to  many,  bow  iron — with  which  is 
always  associated  in  the  popular  mind  the  idea  of  sinking,  absolute 
incapability  to  float  in  water — can  be  used  for  a  purpose  for  which 
light  wood  was  at  one  time  only  employed.  A  vessel  or  body  of 
exactly  the  same  size  and  shape  as  6  c  fg  in  fig,  99  would  float  also  ; 
but  to  make  it  float  at  the  same  level  or  height  out  of  the  water  as 
at  the  line  6  c  connected  with  d  e,  it  would  require  to  be  precisely 
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of  the  same  weight  as  the  iron  vessel  h  cfg.  And  this  weight  in 
the  wooden  vessel  might  be  got  by  having  its  sides  very  thick,  or 
heavy  weights  might  be  placed  inside  it.  Hence  it  is  that  an  earthen- 
ware basin  will  float  at  the  same  level,  or,  what  is  the  same  thing, 
will  sink  to  the  same  depth — and  this  will  be  in  precise  proportion 
to  its  weight — as  a  wooden  mincemeat  or  butter-making  bowl, 
provided  only  that  this  is  of  the  same  weight  as  the  earthenware 
pot.  If  one  is  lighter  than  the  other,  the  lighter  will  float  the 
higher  out  of,  or  sink  the  less  into,  the  water,  and  it  will  displace 
a  less  volume  and  weight  of  water. 

Floating  Vessels— The  <' Plane  of  Flotation ''—The  <*Load  Line.'' 

The  student  must  keep  clearly  in  mind  that  it  is  the  actual  weight 
of  the  body  floating  in  the  water  which  is  the  measure  of  the  weight 
of  the  water  it  displaces,  and  is  in  turn  the  measure  of  the  upholding 
force  or  pressure  sustaining  the  body  in  the  water,  or  helping  it,  so 


Fig.  99. 

to  say,  to  float.  A  body  weighing  twenty  pounds,  pressed  or  forced 
into,  will  just  displace  twenty  pounds  of  water,  whether  that  body  be 
dense  iron  or  light  and  porous  cork ;  but,  as  every  one  knows,  the 
mass  or  bulk  of  the  cork  will  be  vastly  greater  than  that  of  the 
iron;  and,  as  we  have  seen  that  a  body  displaces  precisely  the  amount 
of  water  equivalent  to  its  own  bulk,  the  cork  being  so  much  bulkier 
than  the  iron,  displaces  more  water ;  this  of  course  presupposes  that 
the  cork  was  plunged  into  the  water  as  above  named,  for  under 
natural  circumstances,  and  considered  as  a  floating  body,  it  would  not 
sink  of  itself  till  it  was  wholly  immersed.  But  to  enable  a  body  to 
float,  as  in  the  position  at  h  cfg,  or  in  a  line  coincident  with  the 
level  of  water,  d  c,  diagram  99,  it  must  be  exactly  of  the  same  weight 
as  the  volume  of  water  which  it  displaces ;  for  if  it  be  lighter  than 
the  displaced  water,  it  will  float  the  higher.  And  thus  the  young 
student  will  perceive  why,  when  a  vessel  is  designed  so  as  to  float — 
or,  as  the  technical  term  is,  "  to  draw  so  much  water" — when  loaded 
with  its  cargo  at  a  certain  line,  as  5  c,  in  relation  to  the  level  of  water 
^  e^  it  will  float  just  so  much  the  higher  when  part  of  its  cargo  is 
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taken  out,  and  it  will  then  float  or  rise  out  of  the  water  so  much 
the  higher  in  proportion  as  the  cargo  is  removed.  The  weight  of 
a  vessel  practically  includes  everything  which  it  carries,  its  own 
weight  as  well;  and  the  weight  of  the  water  which  it  displaces  is 
always  the  measure  of  its  weight.  We  thus  have,  as  already 
incidentally  alluded  to,  a  ready  means  of  knowing  the  weight  of 
a  vessel  with  all  its  cargo,  or  whatever  it  has  *'  on  board,"  as  the 
technical  phrase  is.  We  have  only  to  calculate  the  cubical  contents 
— cubic  feet — of  the  part  immersed,  as  the  part  hfg  c,  fig.  99,  and 
multiplying  this  by  the  weight  of  a  cubic  foot  of  the  water  in  which 
the  vessel  floats,  we  have  in  the  product  the  weight  of  the  vessel  and 
all  it  carries.  The  weight  of  a  cubic  foot  of  sea  or  "  salt  water  "  is 
sixty-four  pounds,  that  of  river  or  "  fresh  water ''  a  little  over  sixty- 
two  pounds.  Hence,  as  the  sea  water  is  the  denser,  it  exercises  a 
higher  holding-up  or  floating  power  on  a  body  placed  in  it,  so  that 
a  vessel  which  with  its  cargo  floats  at  a  certain  height  above  the 
water  will,  if  it  passes  from  the  sea  to  a  fresh- water  river,  sink 
deeper  or  float  lower ;  and  this  because  the  fresh  water,  being  less 
dense — lighter — than  the  sea  water,  has  a  less  upholding  or  floating 
power.  The  line  d  e,  in  ^g,  99,  is  called  the  "  plane  of  flotation,"  and 
the  depth,  as  fgly  at  which  the  vessel  floats  when. loaded  with  its 
cargo,  gives  a  line  called  the  "  load  line,"  and  the  height  of  the  sides 
of  the  vessel  above  this  line,  as  between  the  horizontal  lines  d  e  and 
h  iy  is  called  the  "  free  board."  The  young  reader  who  has  had 
opportunities  of  watching  the  water  traffic  on  such  a  river  as  the 
Thames  must  have  noticed  the  barges,  which  have  so  little  "free 
board"  that  even  the  very  low  waves,  as  the  ** swell"  from  the 
paddles  of  a  steamer,  will  wash  over  the  deck  from  side  to  side ;  and 
he  will  be  able  to  tell  from  the  extent  of  "free  board"  of  sea-going 
vessels  whether  they  are  "loaded"  with  their  cargo,  or  are  empty, 
that  is,  have  only  their  "  ballast "  as  cargo. 

The  reader  acquainted  with  the  principles  of  mechanics  knows 
that  all  matter,  whatever  be  its  condition,  whether  that  which  by- 
common  consent  we  agree  to  call  solid,  or  fluid,  or  liquid,  or  aeriform, 
or  gaseous,  has  its  phenomena  regulated  and  controlled  by  great  laws, 
two  only  in  number — ^attraction  and  repulsion.  Bodies  floating  in 
fluids,  of  which  water  is  the  fluid  with  which  men  have  practically  to 
deal  in  doing  their  mechanical  work,  are  therefore  under  the  opera- 
tion of  the  law  of  attraction  of  gravitation,  and  exhibit  the  same 
phenomena,  although  under  diflferent  circumstances  and  conditions. 
The  points  connected  with  the  centre  of  gravity  apply  to  floating 
bodies  with  which  man  has  to  deal  in  carrying  on  the  business  and 
supplying  the  wants  of  his  daily  life,  in  the  transport  of  materials 
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from  one  port  to  another  by  the  medium  of  the  sea  or  of  rivers 
and  canals — those  floating  bodies  coming  under  the  generic  terms  of 
*^ ships"  or  "vessels"  and  "boats,"  the  power  by  which  boats  and 
ships  are  passed,  forwarded,  or  propelled  from  one  place  to  another 
being  either  that  of  oars,  sails  acted  upon  by  the  wind,  or  of  steam. 
The  conditions  of  safety,  convenience  of  working  or  handling,  and 
the  facility  with  which  changes  from  one  place  to  another  can  be 
made,  depend  upon  three  things ;  first,  buoyancgr ;  second,  stability ; 
third,  speed.     It  is  with  the  first  two  we  have  here  chiefly  to  deal. 

Buoyancy  and  Stability  of  Floating  Vessels  or  Boats  or  SMps. 

First  as  to  "  buoyancy."  And  here  the  young  reader  will  again 
perceive  what  lessons  may  be  learned  or  suggestions  given  by  inquiry 
into  the  derivation  of  technical  terms.  Thus  the  term  buoyancy — 
by  which  every  schoolboy  almost  intuitively  understands  the  tendency 
which  bodies  have  to  float  or  be  kept  up  in  or  raised  out  from  the 
water — is  derived  from  the  French  word  bovsey  meaning  a  "  float," 
or  what  we  call  by  a  name  almost  identical  in  sound  and  spelling — 
"  buoy,"  that  is,  a  floating  body  anchored  at  some  particular  spot  to 
indicate  the  position  of  some  obstacle  or  danger  to  sailing  vessels. 
And  this  word  botcie  is  itself  derived  from  bote,  which  in  the  French 
language  means  wood  or  timber.  Just  as  if  in  early  times  our 
ancestors,  having  wood  so  readily  at  hand,  and  comparing  it  with 
stones  and  other  heavy  bodies  which  sank  in  water,  conceived  the 
idea  that  wood  was  the  only  body  which  floated,  or  would  not  sink — 
or  at  all  events  that  this  material  was  the  one  with  which  they  had 
in  their  work  chiefly  to  deal,  as  compared  with  stone  and  iron,  and 
therefore  took  it  as  the  emblem  of  the  power  to  float  or  keep  from 
sinking.  We  have  seen  in  preceding  paragraphs  upon  what  prin- 
ciples the  "  buoyancy "  of  a  body  placed  in  water  depends — ^the  dis- 
placement of  a  volume  of  water,  and  the  weight  of  that  volume. 
The  "  centre  of  buoyancy  "  of  a  floating  vessel  is  a  point  coincident 
with  the  "  centre  of  gravity"  of  the  body  or  the  mass  of  water  displaced 
by  the  vessel,  as  the  point  h  in  diagram  5,  presently  to  be  given. 
It  will  be  seen  from  what  has  yet  to  be  stated  that  this  position  of 
the  centre  of  buoyancy  flows  from  or  is  a  consequence  of  the  con- 
dition of  the  forces  acting  in  the  case  of  a  body  floating  in  water. 
The  "stability"  of  a  buoyant  body  or  of  a  vessel  floating  in  water 
depends,  then,  upon  the  relation  of  the  form  of  the  body  to  the  body 
or  volume  of  water  which  it  displaces.  Both  of  those  are  acted 
upon  by  the  attraction  of  gravitation,  or,  to  use  the  simple  term, 
gravity,  and  in  both  the  points  connected  with  the  "centre  of 
gravity  "  are  illustrated.    The  reader  will  there  learn  how  "  stability," 

30 
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or  the  firmness  in  position  (the  word  being  derived  from  the  Latin 
stabUitaSf  and  this  again  from  atahilis^  which  means  firm)  of  a 
body  normally  at  rest  depends  upon  the  form  of  the  body  and  the 
relation  of  the  centre  of  gravity  to  the  base  upon  which  the  body- 
rests — ^that  is^  the  plane  surface  forming  its  foundation.  The  water 
in  which  a  body  floats  is  mobile,  and  therefore  easily  admits  of  the 
change  of  position  of  the  body;  for,  as  the  pressure  of  a  fluid  is 
equal  in  all  directions,  as  we  have  already  shown,  so  movement  of 
the  fluid  in  all  directions  is  equally  easy ;  it  thus  gives  way,  so  to  say, 
in  any  one  dii^ection  to  a  pressure  or  force  exerted  upon  it  as  easily 
as  it  does  in  another  diiection.  The  water  in  which  a  body  floats 
presses  equally  upon  that  body  in  all  directions,  so  that  any  body 
which  is  of  the  same  weight  or  specific  gravity  (for  this  latter  term, 
see  als9  the  paper  above  named)  as  the  water  in  which  it  floats  is 
at  rest  in  every  position,  and  no  matter  at  what  depth  of  water 


Fig.  100. 

it  may  be.  The  young  reader,  therefore,  who  studies  what  will  be 
given  elsewhere  under  the  head  of  the  "  centre  of  gravity,"  and  what 
has  been  here  said  under  the  preceding  paragraph,  will  see  how  the 
stability  or  firmness  of  position  under  pressures  or  forces  acting  from 
either  side,  and  tending  to  push  them  over  or  aside  in  the  directions 
of  the  horizontal  arrows,  will  be  different  in  the  different  floating 
bodies  shown  in  diagram,  fig.  100,  the  centres  of  gravity  of  each  being 
indicated  by  the  points  a,  6,  c  and  d»  But  we  have  said  that  the 
stability  of  a  floating  body  depends  upon  the  relation  which  it  has  to 
the  body  of  water  which  it  displaces.  We  have  seen  the  mechanical 
advantages  of  considering  that  a  force  such  as  that  of  gravity  acts 
upon  a  single  point  only  in  the  body,  although  of  course  it  acts  upon 
the  whole  body;  and  this  single  point  is  called  a  "centre,"  as  the 
centre  of  inertia,  centre  of  percussion,  and  the  like.  We  have  in 
like  manner  the  "centre  of  buoyancy,"  to  which  we  now  direct 
attention. 


r- 
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The  Centre  of  Bnof aocy. 

We  know  that  the  centre  of  gravity  of  any  body  ie  found  on  a 

line  vhioh  is  vertical  and  pointing 

to  the  centre  of  the  earth.  Thua 
the  lines  ag,  bh,  ci  and  dj,  in 
diagram  fig.  100,  are  thoseon  which 
the  centre  of  gravity  lies.     Those 

bodies,  then,  are  forced,  as  it  were,       -t,  hB-  -■ 

downwards,  or  have  a  tendency  to        ;  t  •  - 

sink  in  the  direction  of  the  lines 
ag,  bh,  etc.  But  we  have  said 
that  the  volume  of  water  displaced 
by  any  body  presses  (see  a  preceding 
paragraph)  upwards  upon  the  float- 
ing body,  as  on  the  base  Zm  in 
diagram  fig.  100,  with  a  force  equal 
to  the  weight  of  the  volume,  which 
is  the  same  in  amount  as  the  weight 
of  the  floating  body. 

In  the  last  paragraph  we  have 
so  far  treated  of  the  centre  of 
buoyancy  as  to  the  pressure  upwards 
of  the  water  in  a  floating  body. 
But  this  pressure  of  the  volimie  of 
water,  hs  klmn,  or  as  b/gc,  in 
diagram  fig.  99,  is  also  opposite  to  the 
pressure  or  force  exercised  by  the 
tendency -of  the  floating  body  to 
sink.  That  is,  both  pressures  acting 
in  opposite  directions  lie  in  the  same 
line,  and  being  equal,  balance  each 
other,  or  are  tn  equiUbrio ;  and  the 
body,  as  at  a  or  c  in  diagram  fig.  1 00, 
is  at  rest  or  in  equilibrium,  and 
therefore  floats.  But  although 
bodies  such  as  those  shown  may 
thus,  under  normal  conditions  or 
cii-cumstances,  remain  in  the  up- 
right position,  and  may  thus  in  a 
certain  sense  be  said  to  be  stable, 
their  true  stability  rests  in  this — that  their  floating  power,  so 
to  call  it,  should  be  such  that  when  subjected  to  any  force  or 
preisuro    which,    acting,   say    in    the    defection  of    the  arrow    a, 
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diagram  ^g,  101,  tends  to  make  the  vessel  "heel  over,"  or  lean  to 
the  right,  as  shown  in  dotted  lines,  will,  when  that  pressure  or 
force  is  either  taken  off  or  lessened,  enable  the  vessel  to  return  to 
the  normal  position,  or  that  in  which  its  deck,  b  c,  is  parallel  to  the 
plane  of  flotation  or  level  of  surface  of  water,  d  e.  This  capability 
of  a  vessel  to  return  to  its  normal  position,  or,  as  it  is  technicaUj 
termed,  to  "  right  itself,"  gives  it  its  true  stability.  On  the  contrary, 
a  vessel  is  said  to  be  unstable,  or  is  incapable  of  "  righting  itself,"  if 
when  a  force  as  represented  by  the  arrow  /- — or  equally  as  at  a — 
acts  on  one  side,  tending  to  push  it,  say  towards  the  right,  it  gives 
it  a  tendency  to  deviate  further  and  still  further  from  the  normal 
position,  till  it  is  completely  upset.  It  is  scarcely  necessary  to  say 
to  the  young  student  that  a  ship  to  be  safe,  that  is,  useful  for  carry- 
ing purposes,  must  be  "  stable,"  that  is,  have  a  capability  of  "  righting 
itself "  when  placed  under  the  influence  of  the  forces  of  winds  and 
waves  tending  to  shove  it  aside,  and  must  not  "  heel  over  "  too  much, 
and  thus  be  upset  or  "founder"  at  sea.  The  mere  stability  of  a 
floating  body,  as  at  a  or  c,  ^g.  100,  in  the  normal  position,  when  it, 
so  to  say,  sits  vertically  in  the  water  or  "swims  fair,"  is  always 
secured,  because  the  line  drawn  from  its  centre  of  gravity  vertically, 
as  a  pr  or  c  t,  falls  within  the  base  or  the  plane  of  support.  And 
this,  which  we  may  call  the  vertical  or  normal  stability,  is  in  no 
way  disturbed  by  any  force  acting  vertically,  as  in  the  line  from 
a  to  ^,  as  when  the  vessel  by  having  more  cargo  or  weight  put 
"on  board"  sinks  deeper  in  the  water;  or  when,  conversely,  the 
force  acts  upwards  in  the  vertical  line,  as  from  ^  to  a,  when 
the  vessel,  being  lightened  by  having  its  cargo  or  weight  taken 
out,  rises  in  the  water.  For  in  the  case  of  sinking  or  "deeper 
dipping,"  through  increased  weight  or  cargo,  the  volume  of  water 
displaced  is  increased  also,  so  that  as  the  bulk  of  the  vessel  is  a 
constant  or  unvarying  quantity,  there  is  an  increase  of  holding  or 
forcing-up  pressure  exercised  on  the  vessel  by  the  water  which  gives 
a  tendency  to  the  vessel  to  rise,  and  thus  the  vertical  or  normal 
stability  is  maintained.  And  again,  in  the  case  of  the  vessel  rising 
when  lightened  of  cargo  or  weight,  there  is  a  displacement  of  a  less 
volume  and  weight  of  water ;  so  that  there  is  an  excess  of  downward 
pressure  tending  to  bring  the  vessel  down,  and  thus  still  maintain 
the  vertical  or  normal  stability.  But  the  condition  of  floating  which 
gives  to  the  vessel  the  capability  of  resisting  forces  which  make  her 
"  heel  over,"  and  keep  her  heeling  over  till  she  may  be  absolutely 
npset,  is  what  we  call  the  "  true  stability."  And  this  is  secured  by 
having  a  due  relation  of  the  floating  vessel  to  the  volume  of  water 
which  she  displaces.     The  two  pressures  or  forces  of  those  we  have 
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shown  to  be  equal  and  opposite,  and  to  be  therefore  on  the  same  line 
— and  this  line  is  vertical,  having  for  one  of  its  points  the  centre 
of  gravity  of  the  floating  body,  as  g  in  fig.  101,  and  the  other  the 
centre  of  gravity,  as  A,  of  the  volume  or  body  of  water  displaced  by 
the  vessel,  and  which  is  obviously  the  form  ij  k,  equal  to  I  hn.  This 
is  the  condition  of  what  we  have  called  the  normal  or  vertical 
stability,  and  in  which  two  forces  are  equal,  but  acting  in  exactly 
opposite  directions,  and  therefore,  balancing  or  neutralising  each 
other,  act  along  the  same  line.  This  line,  as  o  jt?  in  fig.  1 01 ,  is  technically 
called  the  "  line  of  flotation,*'  the  plane  of  flotation  being,  as  already 
shown,  the  line  or  level  of  water,  as  d  e,  dJ  e\ 

Belation  of  Centre  of  Buoyancy  to  Centre  of  Gravity  affecting  the  Stability  of 
Floating  Vessels— *<  Even  Keel '' — *<  Heeling-over." 

But  the  young  reader  will  perceive  that  a  vessel  or  ship,  under 
ordinary  circumstances  of  voyaging,  is  placed  under  such  conditions 
that,  excepting  in  cases  of  a  dead  calm,  or  when  so  acted  upon  by 
wind  that  she  sails  on  what  is  called  an  "  even  keel " — in  which  case 
she  is  in  the  position  which  we  have  called  her  normal  or  vertical 
stability — she  is  liable  to  be  acted  upon  laterally,  so  that  she  "heels 
over,"  or  has  her  deck  line  oblique  to  the  plane  of  flotation,  as  for 
example  at  5'  r  in  diagram  fig.  101.  The  "  centre  of  gravity  "  is  there- 
fore continually,  or  liable  to  be  continually,  changing  under  the  pres- 
sure or  force  of  winds  and  waves;  it  may  be  to  the  left,  as  at  s, 
when  the  pressure  comes  from  the  right,  or  conversely,  by  a  normal 
line,  as  the  line  0  p,  which  passes  through  the  two  centres  when  the 
vessel  is  in  its  position  of  normal  stability.  But  the  position  of  the 
centre  of  buoyancy  is  also  changing  when  the  vessel  is  placed  under 
the  changing  circumstances  of  actual  work,  when  subjected  to  the 
pressTU-e  of  winds  and  the  force  of  waves.  For,  as  the  vessel  heels 
over  either  to  the  right  or  left,  as  at  a  6  or  c  c?  in  diagram  fig.  102,  it 
is  obvious  that  the  form  or  the  section  of  displaced  water,  as  at  e/p 
or  h  ij,  in  relation  to  the  plane  of  flotation  or  level  surface  of  water 
k  k,\3  very  different  from  the  form  or  shape  or  section  of  the  dis- 
placed water,  as  at  ij  ky  diagram  fig.  101,  in  relation  to  the  line  k  k, 
hg,  102,  or  the  line  d  e,  fig.  101.  We  shall  see,  in  connection  with  illus- 
trations yet  to  follow,  how  this  change  of  position  of  the  two  centres 
affects  the  stability  of  a  ship.  Taking  the  position  as  at  3' r,  fig.  101, 
and  dropping  a  line  w  x  through  the  centre  of  gravity,  in  which  line 
gravitation  acts  on  the  vessel,  we  have  now  two  lines  of  forces.  But 
although,  as  always,  those  forces  act  in  opposite  directions,  and  are 
still  equal,  they  do  not  act  directly  or  along  the  same  line,  but  form 
two  lines,  tu^wx  (fig.  101),  p^r^llej  one  to  the  pth^r,  T^ese  Jin^s  fqvXQ 
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what  in  scientific  technical  phraseology  is  called  a  "  couple."  And 
the  resultant  of  this  couple,  or  of  the  two  forces  acting  thus  in 
parallel  lines,  is  a  force  which  tends  to  change  the  floating  vessel, 
giving  it  an  angular  position — that  is,  with  its  deck  line  &tqr  forming 
an  oblique  line  with  that  of  the  plane  of  flotation,  ba  d  e  or  dl  e'.  If 
the  ship  or  vessel  is  so  designed  that,  when  loaded  with  her  estimated 
cargo,  she  has  "  true  stability  "  (see  preceding  paragraph) — that  is, 
can  right  herself  when  a  force  or  forces  cause  her  to  "  heel  over" — 
the  "  couple"  is  termed  a  "  righting  couple."  If  the  converse  is  the 
case,  then  the  "  couple"  of  forces  acting  in  parallel  lines,  as  at  ^  t«,  it;  a; 
(fig.  101),  is  called  an  "upsetting"  or  " overturning  couple." 

Other  Terms  in  the  Art  explained— Centre  of  Displacement — A  Vessel  righting 

itself-  Loading  of  a  Vessel— Deck  Cargoes. 

We  have  seen  that  the  **  centre  of  buoyancy  "  of  a  floating  vessel 
is  the  centre  of  gravity,  as  ^  or  pr,  diagram  fig.  101,  of  the  mass  or 
volume  of  water — as  I  mn,  i  j  ^— displaced  by  the  vessel ;  hence  the 
term  "centre  of  displacement"  is  by  some  given  to  it.  Now,  a 
"righting  couple,"  or  that  which  gives  true  stability  to  a  floating 
ship  or  vessel,  is  that  in  which  its  centre  of  gravity,  as  Z,  diagram 
fig.  102,  is  always  belotv  the  centre  of  gravity,  m,  of  the  mass  of 
displaced  water.  If  in  this  relative  position,  when  the  two  forces 
constituting  the  couple  cause  a  "heeling  over"  of  the  ship  to  the 
left,  as  at  c  0?,  or  to  the  right,  as  at  a  6,  it  will  "  right  itself "  on 
the  forces  lessening  or  being  removed.  If  the  relative  position  of 
the  two  centres  of  gravity  be  changed  so  that  the  centre  of  gravity 
n  is  above  the  centre  of  gravity  o  of  the  displaced  water,  then  the 
couple  formed,  as  at  p  q,  will  act  as  an  "  overturning "  force,  and 
the  vessel  will  not  be  self-righting.  The  yoimg  student  will  see  from 
this  the  practical  necessity  of  so  "loading"  a  vessel,  or  "stowing" 
away  its  cargo,  that  the  heavy  articles  will  be  placed  in  the  lower 
part  of  the  "  hold,"  thus  throwing  its  "  centre  of  gravity "  low,  so 
that  it  will  be  below  the  "  centre  of  buoyancy  "  or  "  displacement." 
He  will  also  see  the  danger,  of  which  so  much  has  been  heard  of  late 
years,  of  having  what  is  called  "deck  cargoes  " — that  is,  goods  stowed 
away  upon  the  deck,  which  have  a  tendency  to  raise  the  centre  of 
gravity  of  the  ship,  and  may  place  it  too  near,  if  not  actually  at,  or 
— what  is  fatal,  as  we  have  seen,  to  true  stability — above  the  centre 
of  buoyancy  or  displacement.  When  the  two  centres  are  coincident, 
or  the  centre  of  gravity  meets  in  the  same  point  as  the  centre  of 
buoyancy,  the  vessel  is  indifferent  as  to  position,  and  will  therefore 
be  in  equilibrium  in  any  position.  Another  practical  point  of 
importance,  as  bearing  upon  the  true  stability  of  a  ship,  or  its 
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capability  to  right  itself  in  all  conditions  in  which  it  may  be  placed, 
is  the  stowage  of  the  cargo  in  such  a  way  that  none  of  it  will  get 
loose  and  roll  to  one  side.  In  this  unfortunate  condition,  but  too 
often  experienced—  and  which  has  doubtless  been  the  cause  of  ships 
foundering  at  sea  of  which  nothing  has  ever  been  heard  —if  those 
loose  goods,  when  heavy,  roll  over  to  the  side  to  which  the  ship  is 
being  heeled  over,  they  may  so  weigh  the  ship  down  towards  that 
side,  changing  the  position  of  the  centre  of  gravity,  that  the  vessel 
cannot  right  itself  at  all,  or  so  slowly  that  heavy  seas  may  be  shipped, 
and  it  may  become  unmanageable  for  a  time,  and  great  damage  be 
done,  and  risk  of  total  loss  may  be  run. 

Some  other  Foints  connected  with  the  Stability  of  Ships.— Boiling. 

We  thus  see  that  what  may  be  called  the  normal "  centre  of  buoy- 
ancy or  of  displacement "  is  that  in  which,  while  the  vessel  is  at  rest, 
as  in  a  dead  calm  or  in  dock,  this  centre  and  the  centre  of  gravity 
of  the  body  or  mass  of  displaced  water  are  in  the  same  vertical  line, 
but  in  which  the  centre  of  gravity  of  the  vessel  is  below  the  centre 
of  buoyancy;  what  may  be  called  a  new  series  of  centres  of  buoyancy 
is  being  created  by  the  continual  change  of  the  position  of  the  vessel 
when  sailing  under  the  influence  of  the  wind  and  waves,  or  when 
"  rolling  "  while  lying-to  or  at  anchor  with  a  heavy  swell  on.  The 
points  connected  with  those  changes  come  under  the  higher  depart- 
ments of  the  branch  of  marine  mechanics,  to  the  study  of  which  the 
student  is  recommended. 

We  have  elsewhere  pointed  out  the  importance  of  considering  all 
the  conditions  or  circumstances  connected  with  mechanical  work,  as 
these  may  bring  up  points  which  must  be  attended  to,  modifying 
more  or  less  the  application  of  a  principle  which  in  itself  is  sound, 
and  which  dictates  sound  work  as  a  general  rule.  The  value  of  this 
caution  is  exemplified  in  the  case  now  under  consideration,  of  the 
stability  of  ships  and  vessels.  Essentially  necessary  for  the  due 
working  of  these,  considered  as  carriers  of  commodities  across  the 
seas,  still  there  are  some  modifying  considerations  or  conditions  to  be 
taken  into  account.  For  vessels  used  on  quiet  inland  rivers  and  in 
canals,  where  the  wave  influence  or  force  is  reduced  to  a  minimum, 
the  amount  of  stability  cannot  be  too  great, — at  least,  no  practical 
harm  will  be  done  by  having  perfect  stability.  But  perfect  or  great 
stability  in  a  ship,  while  it  gives  steadiness  in  one  condition,  brings 
about  an  evil  in  another  condition  of  circumstances.  For  a  ship 
with  great  stability  is  of  necessity  one  which  "rights  itself"  quickly; 
and  quick  "  righting  "  with  adverse  and  frequently  repeated  prossure 
or  forces,  as  of  wind  and  waves,  is  simply  quick  '*  rolling.''     Now, 
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as  rolling  in  one  direction  throws,  so  to  say,  a  certain  number  of 
straining  forces  upon  the  materials,  wood  or  iron,  of  which  the  vessel 
is  constructed,  any  quick  return  from  this  direction,  throwing  the 
straining  forces  in  another  direction,  gives  rise  to  what  may  in  one 
sense  be  called  a  new  series  of  straining  forces,  which  are  very 
dangerous  or  damaging  to  the  structure.     Easy  rolling  is  therefore 


="-^^1^ 


.— -  Fig.  102. 

a  point  to  be  aimed  at ;  and  from  what  we  have  said,  this  can  only 
be  gained  by  the  sacrifice  of  a  certain  proportion  of  the  stability 
of  the  ship.  The  giving  way  to  the  waves,  or  rather  the  way  in 
which  a  ship's  motion  coincides  with  the  motion  of  the  waves,  is 
under  certain  conditions  a  point  to  be  aimed  at  in  designing  a  ship ; 
and  this  is  always  a  characteristic  of  a  stable  ship.  But  in  rolling, 
if  the  ship  recedes  from  the  wave  which  causes  it  to  h©el  over  to 
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one  side  at  the  same  speed  as  the  wave  advances — in  other  words, 
keeps  time  with  the  wave — it  is  obvious  that  a  succession  of  waves 
will  tend  to  increase  the  rolling,  as  each  of  them  brings  up  its  own 
heeling-over  force.  To  avoid  this,  it  is  necessary  that  the  speed  of, 
or  the  time  in  which  a  ship  rolls  from  the  waves,  shall  be  less  than 
their  speed — in  other  words,  the  ship  must  roll  more  slowly  than  the 
waves  follow  her  or  press  upon  her  side.  Now,  from  what  we  have 
said,  this  can  only  be  gained  by  sacrificing  a  portion  of  her  stability, 
although  the  way  in  which  the  cargo  is  stowed  away  and  the  general 
weight  of  the  ship  itself  is  distributed  over  its  whole  structure  affects 
also  this  slower  rolling,  or  the  time  or  speed  of  its  rolling.  The 
surface  of  the  water,  or  the  plane  of  flotation,  is  not  always  level — 
indeed,  out  at  sea  and  in  anything  like  rough  or  heavy  weather,  this 
plane,  so  far  from  being  level  or  horizontal,  as  at  c^  e  in  fig.  101  (ante), 
is,  as  a  rule,  more  or  les»s  inclined,  giving  a  sloping  surface  as  at 
a  bore  din  fig.  102.  The  tendency  of  a  ship  to  keep  upright  in  water, 
which  may  have  its  surface  either  horizontal  or  level,  as  at  d  e,  fig.  101, 
or  sloping,  as  at  line  a  6  or  c  c^  in  fig.  102,  has  been  called  its  stiffness, 
as  contradistinguished  from  that  tendency  to  keep  truly  upright  in 
rough-surfaced  or  wave-lashed  water  to  which  the  name  of  steadiness 
has  been  given. 

Points  connected  with  Floating  Vessels  or  Ships  other  than  Heeling-over  and 

Boiling  Motions— The  <*  Pitching''  Motion. 

We  have  hitherto  been  considering  the  motions  of  a  ship  in  rela- 
tion to  her  cross  or  transverse  section.  This  motion,  which  is  from 
side  to  side,  alternately  depressing  and  raising  one  side  along  the 
whole  length  of  the  ship,  as  is  well  known  to  every  one  who  has 
been  at  sea,  goes  by  the  name  of  "  rolling,"  and  can  be  conceived  of 
as  a  movement  of  vibration  or  oscillation,  on  an  axis  which  runs 
from  end  to  end  of  the  ship,  at  right  angles  to  the  line  of  cross 
section,  and  placed  at  some  point  on  the  vertical  line  of  that  section. 
But  there  is  another  motion  in  vessels  in  rough,  or  roughish,  water 
at  sea,  better  because  more  painfully  known  to  those  who  are  afflicted 
with  what  the  French  call  the  tnal  de  mer  (literally  "  ill  or  evil  of 
the  sea"),  or  we  "sea-sickness,"  and  to  this  motion  the  name  of 
"  pitching  "  is  applied.  In  this  the  bow — and  conversely  the  stern — 
of  the  ship  is  alternately  raised  and  depressed ;  the  motion  being  a 
longitudinal  vibration  or  oscillation  on  an  axis  at  some  point  midway 
between  the  bow  and  the  stern.  This  motion  of  pitching  is  generally 
considered  and  described  as  a  single  motion ;  but  in  the  technics  of 
shipbuilding  it  is  described,  as  of  two  kinds  of  oscillation — the  term 
<*  pitching  "  when  used  in  a  general  way  including  the  two,  or  being 
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a  complete  or  doubled  oKcillation.  This  is  correctly  based  on  the 
phenomena  of  pitching,  which  embrace  first  a  depression  or  lowering 
of  the  bow  of  the  ship,  then  a  corresponding  raising  of  the  stem,  to 
which  single  oscillation  the  term  "  pitching  "  is  alone  applied ;  when 
the  converse  oscillation  takes  place,  the  stern  being  depressed  or 
lowered  and  the  bow  raised,  the  term  "scending"  is  used.  What  is 
called  the  "trimming"  of  a  ship  is  so  disposing  of  her  load  along 
the  length  of  the  vessel  that  she  will  float  "on  an  even  keel,"  or 
otherwise  have  her  load  so  disposed  in  relation  to  her  length  that 
the  stern  may  be  more  depressed  or  float  deeper  in  the  water  than 
the  bow;  in  this  case  she  is  technically  said  to  be  "  trimmed  by  the 
stern."  In  the  converse  case  she  is  described  as  being  "  trimmed  by 
the  head."  As  a  rule  the  "  trimming  by  the  stern "  is  that  which 
in  the  practice  of  lading  a  ship  is  adopted. 

General  Phenomena  connected  with  Water  in  a  State  of  Hotion,  or  with  the 
Science  known  as  Hydraulics— FreBsnre  as  Height,  Head,  Fall. 

The  student  on  first  taking  up  the  subject  of  physics,  or  the 
philosophy  of  material  objects,  is  apt  to  have  difficulties  thrown  in 
his  way  in  his  attempts  to  arrive  at  a  clear  understanding  of  certain 
phenomena  by  his  having  held  almost  from  his  childhood  certain 
notions  regarding  materials  which,  while  popular  and  precise  enough 
so  far  as  their  statement  is  concerned,  are  far  from  being  correct. 
Thus,  while  the  young  student  has  from  an  early  period  of  his  life, 
when  he  began  to  give  some  thought  to  the  world  of  matter  around 
him,  associated  with  solid  substances  certain  peculiarities  or  cha- 
racteristics— such  as  weight,  or  their  action  under  forces  or  impulses 
tending  either  to  give  motion  to  them  or  to  stop  them  when  they 
had  motion — but  which  characteristics  he  had  some  difficulty  to 
conceive  of  as  applicable  to  a  mobile  substance,  as  a  liquid.  And  he 
had  still  greater  difficulty  in  relation  to  a  still  more  mobile  and  an 
infinitely  lighter  thing,  such  as  a  gas  or  common  air.  But  if  he  has 
studied  what  has  been  given  in  connection  with  the  phenomena  named 
under  the  heads  of  Attractive  Properties  of  Bodies,  Hydrostatics 
and  Pneumatics,  he  will  have  gained  more  accurate  notions  as  to  the 
relation  subsisting  between  fluids,  both  liquid  and  gaseous  or  aeriform, 
and  those  laws  of  nature  which  aflect  solid  bodies  and  substances, 
and  which  he  will  perceive  affect  equally  those  which  are  liquid,  and 
air  or  gases.  Thus  the  law  which  affects  solid  bodies  falling  from 
heights  affects  also  water  in  dropping  from  one  position  to  another 
at  a  lower  level ;  and  this  whether  falling  freely,  as  over  the  edge  of 
a  tank  or  reservoir,  or  confined,  as  when  falling  through  a  closed 
conduit  or  pipe,  allowance  being  always  made  for  friction.    The  same 
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law  affects  the  condition  of  water  which  spouts  upwards  from  an 
orifice  in  a  foimtain ;  or  which  is  spurted  out,  so  to  express  it,  from  a 
pip©  placed  at  or  near  the  bottom  of  the  side  of  a  tank  op  cistern. 
If  e  tank  or  reservoir  of  water  be  placed  at  the  top  of  an  eminence, 
and  a  pipe  be  laid  from  the  bottom  of  this  to  a  point  in  a  valley 
a  considerable  distance  below  the  level  of  the  tank  or  reservoir,  and 
be  at  its  terminus  bent  upwards  vertically,  the  water  wOl  spout,  or 
be  projected  upwards  vertically,  to  a  height  equal  to  that  at  which 
the  tank  or  reservoir  is  placed,  less  loss  fi-om  friction.  This  is  simply 
an  example  of  water  seeking  its  own  level,  and  is  the  theoretical 
result ;  but  in  practice  allowance  is  to  be  made  for  friction  of  water 
in  the  pipe  and  the  influence  of  the  shape  of  its  spouting  orifice,  as 
also  for  the  resistance  which  the  rising  jet  of  water  meets  with 
from  the  air.  These  allowances  being  made,  we  have  a  jet  of  water 
projected  upwards  to  a  height  equal  to  that  of  the  position  of  tank 
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or  reservoir.  It  is  upon  the  law  which  regulates  the  motion  of  fluids 
in  pipes,  conduits  or  channels,  that  the  works  which  supply  towns 
with  water  are  based  in  which  the  principle  of  "gravitation"  is 
adopted.  The  pressure  at  any  point,  or  locality,  of  the  pipe,  and 
the  consequent  force  with  which  it  will  issue  or  spout  forth  from 
any  tap  or  cock  connected  with  it,  will  be  in  proportion  to  the  height 
above  this  point  where  the  tap  is  fixed  on  the  pipe  above  the  reservoir. 
And  this  height  in  technical  language  is  called  the  "  head."  This 
term  means  the  extent  of  vertical  force  through  which  the  water 
passes  from  the  reservoir  in  which  it  is  stored  up  to  the  point  below 
at  which  it  issues  from  the  pipe  which  conducts  or  leads  the  water 
of  the  reservoir  to  various  lower  levels  at  which  it  is  required  for 
domestic  or  industrial  purposes.  In  like  manner,  in  working  water 
machinery — such  as  water  wheels  and  turbines,  the  peculiarities 
of  both  of  which  classes  of  machines  will  be  described  further  on — the 
height  from  which  the  water  drops  or  falls,  as,  say,  from  a  natural 
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waterfall,  or  from  a  mill  dam  or  channel  artificially  made  to  lead 
the  water  from  its  source  to  the  mill  on  which  the  water  machinery 
is  fixed,  is  called  the  "  head  "  or  "  fall."  In  some  cases  towns,  in  place 
of  being  supplied  with  water  on  the  principle  of  gravitation — as 
illustrated  in  fig.  103,  in  which  a  a  represents  the  supply  reservoirs  or 
collecting  places  of  the  water  in  the  district  surrounding  it,  b  b  the 
general  level  of  the  streets  of  the  town  to  be  supplied — are  supplied 
on  the  system  of  artificial  "  head,"  obtained  by  forcing  the  water 
through  the  pipes  at  pressure  obtained  from  the  power  of  a  prime 
motor,  generally  steam  engines.  In  such  cases  the  original  source  of 
supply  is  generally  a  river,  from  which  in  the  first  instance  the 
water  is  pumped,  or  if  the  level  of  the  site  of  engine  and  pump  works 
permit  is  led  by  gravitation  from  the  river  to  the  pumps.     The  duty 
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Fig.  104. 

of  these  is  to  force  the  water  either  directly  through  the  pipes  at 
once  from  the  pumping  mechanism,  or  to  force  ifc  up  a  vertical 
"  standpipe,"  a  a,  fig.  104,  up  to  a  level,  as  6,  the  height  of  which  from 
the  ground  level  c  c  gives  the  **  head  "  or  fall,  as  c?e,  necessary  to  jdeld 
the  pressure  in  the  streets  at  level  c  c,  and  to  rise  to  the  level  of  the 
highest  building  in  the  town.  The  law  of  "  pressure  as  the  height "  is 
taken  advantage  of  in  many  ways  in  doing  mechanical  work.  Thus 
public  companies  are  now  at  work  who  supply  hydraulic  power,  the 
water  necessary  to  work  the  machines  with  turbines  or  water  engines 
(description  of  which  will  be  given  further  on)  being  forced  at  high 
pressure  through  pipes  leading  to  the  localities  where  motive  power 
is  required.  In  some  cases — towns  with  waterworks  on  the  "  gravita- 
tion" principle— the  reservoir  of  supply,  as  a  a,  fig.  103,  is  placed  at 
a  level  so  high  above  the  general  level  gf  the  streets,  as  h  6,  of  the 
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town,  that  sufficient  "  head  " — that  is,  pressure — ^is  obtained  in  the 
pipes  at  a  a,  Jittle  above  the  level  6  6,  to  enable  small  hydraulic 
motors  to  be  worked.  In  many  machine  shops  and  railway  goods 
stations,  and  at  harbours  and  docks,  the  principle  of  water  flowing 
or  forced  through  pipes  at  great  pressures,  far  exceeding  those 
obtained  or  likely  to  be  obtained  by  the  principle  of  gravitation,  as 
illustrated  in  tig.  103,  is  applied  with  singular  felicity  of  mechanical 
adaptation  to  various  conditions  of  work.  The  general  system  of 
hydraulic  power  as  applied  to  a  wide  variety  of  classes  of  mechanical 
work  owed  its  introduction  several  years  ago  to  the  then  Mr.  William 
(now  Lord)  ArmvStrong,  an  engineer  equally  celebrated  for  his  inven- 
tions in  connection  with  guns  required  in  naval  warfare.  In  the 
systems  of  hydraulic-power  working  of  mechanism  the  great  pressure 
or  "  head"  required  (some  800  lb.  to  the  square  inch)  is  obtained  by 
pumping  i  water  by  steam  power  into  the  lower  part,  a  a,  hg,  105,  of  a 
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large  vessel  he,  the  upper  part  of  which  is  filled  with  heavy  iron 
weights  d,  or  with  a  mass  of  close  heavy  sand,  the  weight  of  which, 
pressing  upon  the  water  a  a,  or  lower  part,  forces  itself  through  the 
series  of  pipes  leading  to  the  machines,  or  the  work  to  be  done. 
The  vessel  6c  is  called  an  "accumulator,"  from  the  circumstance 
that  water  pumped  into  it  at  intervals,  or  in  comparatively  small 
quantities,  accumulates  or  stores  up  the  power  thus  given,  to  be 
distributed  at  a  much  greater  power,  or  "  pressure,"  or  "  head,"  than 
could  be  obtained  by  simple  power  of  pumping. 

General  Phenomena  connected  with  Water  in  a  State  of  Motion  (continued) 

— ^Water  under  Pressnre. 

The  law  which  regulates  the  descent  of  solid  bodies  falling  or  dropped 
from  heights  affects  also  the  fall  or  drop  of  water  from  heights,  as 
from  the  point  a  a,  fig.  103,  to  6  6.  If  the  reader  will  turn  to  the 
paragraph  in  this  work  treating  of  Attraction,  he  will  find  that  the 
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fall  of  bodies  through  what  is  called  the  "  attraction  of  gravitation  " 
is  by  a  speed  or  velocity  gradually  increasing.  Thus,  falling  through 
a  space  of  16  feet  during  the  first  second  of  time,  at  the  end  of  that 
second  it  has  acquired  a  velocity  which  would  carry  it  through 
not  16  but  32  feet  per  second.  Thus  an  opening  an  inch  square, 
as  at  a,  fig.  106,  at  or  near  the  bottom  of  a  tank  h  c,  with  a  height 
of  water  from  d  to  e  of  16  feet,  will  deliver  a  jet  of  water  equal 
in  quantity  to  a  3 2 -feet  jet.  If  the  opening  at  a  is  four  times  the 
distance  from  level  c  of  water — that  is,  64  in  place  of  16  feet — 
the  quantity  of  water  delivered  will  not  be  quadruple,  but  only 
double.      If  the   distance  between   points  c  and  a  be  nine  times 
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sixteen,  the  quantity  delivered  through  orifice  a  will  not  be  nine 
times  that  delivered  through  it — with  the  height  ac  only  16  feet — 
but  three  times  only.  One  would  at  first  sight  suppose  that  the 
quantities  delivered  would  be  simply  proportional  to  the  depth 
from  c  to  a,  but  a  little  consideration  will  show  that,  with  the  higher 
velocity  of  issuing  jet  due  to  the  increased  or  much  greater  depth 
through  which  the  body  falls,  more  work  is  done,  as  each  particle 
issues  from  the  orifice  with  greater  force  or  velocity.  Several  circum- 
stances conspire  to  reduce  the  theoretical  value  of  water  flowing 
through  pipes  and  orifices  due  to  certain  heights.  The  loss  by 
friction  in  the  interior  of  pipes,  by  bends  in  the  direction  of  them 
and  by  junctions  is  considerable,  and  large  allowances  or  deductions 
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from  theoretical  or  calculated  results  must  be  made.  And  in  water 
forced  either  by  gravitation  or  by  artificial  pressure  through  orifices, 
the  mere  shape  of  the  orifice  has  a  great  influence  on  the  amount  or 
weight  of  water  passed  through  it.  See  different  forms  in  ^g,  106. 
Large  bodies  moving  through  water  have  less  resistance  to  encounter 
in  proportion  to  the  surface  they  expose  than  smaller  ones.  This 
applies  equally  to  bodies  moving  through  air,  as  under  a  propelling 
force  it  is  the  weight  or  density  of  a  body  which  gives  its  moving 
force  due  to  inertia  and  momentum ;  a  body  several  times  heavier* 
than  another  body  will  be  propelled  or  projected  to  a  much  greater 
distance  than  the  smaller  body,  inasmuch  as,  while  the  surface  of 
the  heavier  body  is  only  three  times  greater  than  the  smaller  body, 
it  has  a  weight  or  density  nine  times  greater,  and  therefore  has 
much  greater  momentum  or  projectile  force.  A  ball  of  pith  fired 
from  a  pistol  will  give  but  a  very  light  blow  to  any  body  which 
it  strikes,  and  will  travel,  so  to  say,  but  a  short  distance  compared 
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with  a  ball  of  lead ;  and  a  pith  ball  twice  the  diameter  of  another 
pith  ball  will  give  a  firmer  blow  or  go  a  greater  distance  than  the 
light  one.  This  relation  or  proportion  of  surface  and  weight  has 
important  outcomes  in  several  departments  of  the  work  of  man. 
This  relation  is  known  as  the  relation  of  cubes,  and  solid  bodies 
are  said  to  be  to  one  another  as  the  cubes  of  the  extent  of  their 
lines.  A  body  with  a  face  twice  as  long  as  another  body  has  its 
surface  four  times  as  great,  but  its  cubical  contents  eight  times 
as  great — 2  x  2  x  2  =  8 ;  the  increase  of  surface  being  the  square 
of  the  length  2x2  =  4,  but  the  weight  as  the  cube  2x2x2 
=  8.  Connected  with  this  law  or  relation  of  weight  to  the  surface, 
size  or  dimensions  of  a  body,  are  the  phenomena  of  bodies  moving 
through  a  fluid.  With  a  propelling  force  capable  of  giving  motion 
to  a  body  through  water  at  the  rate  of  six  miles  an  hour,  to  increase 
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the  speed  to  twelve  miles  an  hour  the  propelling  force  must  be 
iBcreaeed  in  proportion  to  the  increase  of  the  resistance.  Taking 
this  to  be  2,  the  resistance  with  a  doubled  Rpeed  i:^  not  doubled  but 
quadrupled,  following  the  law  that  resistance  increases  as  the  square 
of  the  Rpeed.  With  a  speed  of  5  miles  the  resistance  is  35;  with  a 
speed  of  9  the  resistance  is  81 ;  with  a  speed  of  12  the  resistance 
is  144.  This  explains  how  it  is  that  where  high  speeds  are  required 
from  a  steamship,  the  horse-power  of  the  engines  must  be  increased 
in  a  much  faster  ratio  than  the  increase  of  speed.  And  thiR  law, 
that  the  resistance  to  a  body  moving  in  a  liquid  ina  eases  with  the 
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velocity  or  speed,  applies  equally  to  bodies  moving  or  projected 
through  the  air ;  but  with  very  high  velocities  the  resistance  in- 
creases in  even  a  faster  ratio  than  that  met  with  in  bodies  moving 
through  liquids.  But  in  both  liquids  and  air  there  is  a  source  of  loaa 
which  makes  the  ratio  of  the  resistance  to  the  speed  even  higher 
than  the  square  of  the  speed.  And  this  loss  arises  from  the  influence 
of  high  speeds  in  lessening  the  pressure  of  the  water  at  the  stern  <^ 
the  ship  or  at  the  back  part  of  a  body  moving  through  the  air. 
At  slow  speeds  there  is  always  so  much  gained  by  the  water  or  air 
pressing  in  behind  the  body.     But  it  will  be  obvious  that  with  high 
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speeds  this  help  will  be  lessened,  as  the  higher  the  speed  the  greater 
will  be  the  tendency  for  the  vessel  to  run  away  from  the  back 
pressure.     In  all  cases  of  water  or  air  running  through  pipes,  large 
allowance  must  be  made  for  the  loss  of  carrying  power  through  the 
effects  of  friction.     E^ughly  estimated,  this  may  be  put  down  at 
33  per  cent.,  or  one-third,  of  what  is  done  by  theory  or  calculation. 
The  friction  between  the  particles  of  water  is  such  that  if  a  stream, 
as  a  by  fig.  107,  be  projected  forcibly  from  a  pipe  6  in  the  direction  of  the 
arrow  c,  the  stream,  as  «,  will  drag,  so  to  say,  the  particles  of  water 
surrounding  it  along  with  it  in  the  direction  of  the  arrows  dd,ee.    And 
if  the  stream,  as  a  a,  were  strong  enough  to  pass  over  the  low  bank, 
/,  of  a  reservoir  of  water,  the  frictional  power  of  the  stream  would 
be  sufficient  to  empty  the  reservoir  in  time,  the  stream  dragging, 
so  to  say,  with  it  the  particles  of  water  surrounding  it.     The  same 
principle  is  found  in  connection  with  the  phenomenon  of  air,  and 
is  exemplified  in  the  case  of  the  injector,  the  principle  of  which 
is  illustrated  by  the  same  diagram  in  ^g,  107.     In  this  the  air  is 
forcibly  driven  in  the  du-ection  of  arrow  c ;  the  surrounding  particles 
of  air  are  so  acted  upon  by  the  frictional  action  of  the  air  of  the 
blast  down  through  pipe  a,  that  the  air  flows  in  to  the  line  of  stream, 
as  indicated  by  the  arrows  c  and  d.     The  friction  between  air  and 
water  is  still  more  decided  than  between  water  and  water,  and  is 
powerfully  exemplified  in  the  action  of  the  wind  in  raising  the  waves 
of  the  sea  or  of  any  exposed  portion  of  water  to  a  great  height  in 
what  would  appear  to  be  an  incredibly  short  space  of  time.     In  the 
terrible  storms  which  devastate  the  northern  seas,  masses  of  foam 
heavily  laden  with  spray  are  driven  right  across  some  of  the  islands, 
while  by  the  force  of  the  wind-  or  air-created  waves  huge  rocks  are 
lifted  up  and  tossed  ashore  as  if  they  were  pebbles.    The  friction 
existing  between  water  and    solid  substances  is  exemplified  in  a 
contrivance  by  which  water  may  be  lifted,  in  opposition  to  gravity, 
from  a  low  to  a  high  level.     In  this  an  endless  rope  of  hair,  a  a, 
fig.  108,  runs  freely  upon  two  pulleys,  b  and  c,  one  of  which,  6,  revolves 
in  bearings  placed  in  the  water  ddfS,  portion  of  which  is  to  be  lifted. 
The  upper  one,  c,  revolves  within  a  box,  //,  the  rope  a  a  passing 
through  holes  in  the  bottom.     By  giving  a  rapid  rotation  on  its  axis 
or  spindle  to  the  pulley  c,  the  hair  rope  a  is  kept  in  continuous 
motion,  one  side  rising,  as  shown  by  arrow,  and  carrying  with  it 
portions  of  water,  which  adhere  to  the  rough  parts  of  the  hair  rope. 
This  is  stripped  off,  so  to  say,  from  it  as  it  passes  over  the  upper 
pulley  c,  and  being  caught  by  the  hoxf/,  is  led  from  it  by  the  spout  g. 
The  rope  then  descends,  as  shown,  to  get,  by  passing  through  the 
water,  another  portion  of  water,  which  it  carries  up  as  before. 
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in  Hydranli*  loi[n«a  aa  «i*mplified  In  Ae  Frapoliias  of 
BmU  by  Oui,  eto. 

There  are  different  kinds  of  motion 

described  aa  produced  by   one  force 

only,  and  that  acting  in  one  direction. 

If  there  be  more  forces  than  one,  but 

all  act  in  the  same  line  of  direction, 

the  extent  and  effect  of  these  forces  in 

producing  motion  will  be  equal  to  the 

,  sum  of  these  forces.     If  they  act  in 

opposite  directions  the  two  forces  will 

tend  to   destroy  each  other,  and  if 

equal  in  amount  will  neutralise  each 

other,  so  that  the  body  will  remain  at 

reBt,  no  motion  being  pvodoced.     If 

forces  are  equal  in  amount  there  will 

I  be  no  motion  in  the  body.    If  they 

I'ji  are  unequal,  the  stronger  force  will 

I  1.  influence  the  weaker,  and  not  only 

!.l"|  destroy  the  force  of  the  latter,  bat 

i'ji'  ,     impart  what  may  be  called  the  surplus 

Jj|''{         3     of  its  forces  to  it,  so  that  the  weaker 

'il  ii  u     ^'  ^  compelled  to  go  back,  as  it 

jiip  I        ^     were,  and  follow  the  direction  of  the 

1  ;i>:'  ')  -  stronger  force.     Thus  we  can  suppose 

a  steamer    capable   of  going  along 

under  steam  at  the  rate  of  ten  miles 

an  hoar,  but  to  be  under  the  influence 

of  a   tidal   current  which    we  may 

Buppoee  to  run  also  at  the  same  rate 

of  ten  miles :  if  the  direction  of  the 

current  exerting  a  force  equivalent 

to  a  motion  of  ten  miles  an  hour  be 

the  same  as  the  direction  in  which 

the  veeael  is  working  under  steam,  the 

force  of   which  is  equivalent  to  an 

equal  rate,  the  speed  of  the  vessel  will 

be  twenty  miles  an  hour.    If  the  vessel 

were  steaming  against  the  current  she 

would  make  no  headway  at  all,  but 

would  simply  remain  stationaty — the 

forces  being  equal ;  but  if  she  ceased 

steaming  ^e  would  be  carried  back 
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by  the  current  at  the  rate  of  ten  miles  an  hour.  Two  boats  or 
floating  balls,  one  of  which  (a,  fig.  109)  was  driven  by  the  wind  in  the 
direction  of  the  arrow  5,  with  a  certain  force  calculated  to  carry  ib 
to  the  point  e,  meeting  another  boat,  as  c,  driven  by  a  force  d,  equal 
to  force  h,  would  meet  at  a  point  e,  central  to  both,  and  would  stop 
there — ^motion  being,  so  to  say,  destroyed,  the  two  equal  forces  b  and 
d  having  neutralised  each  other.  Motion  is  always  in  straight  lines. 
The  boats  or  ballsy  and  t,  acted  upon  by  forces  g  andj,  will  pitx^eed 
in  the  straight  lines  g  h  and  7  k,  coincident  with  the  lines  of  direction 
of  the  forces  g  and  j.  The  forces  we  have  named  act  either  in 
the  same  direction  as  above  just  alluded  to,  or  in  opposite  directions, 
as  at  h  and  d^  and  may  be  either  single  forces  or  each  the  sum 
of  several  forces.     But  a  vessel,  as  at  a,  ^g,  110,  may  be  placed 


^zETSEmF  -f- 


Pig.  110. 

under  the  influence  of  two  forces,  one  of  which  acts  in  the  direc- 
tion of  the  arrow  h  and  the  other  in  that  of  the  arrow  c.  In 
this  case  we  have  two  forces  acting  in  directions  quite  different 
from  each  other— so  much  so  that  they  diverge  from  a  point  which 
is  common  to  both  at  right  angles.  We  shall  see  presently  that 
the  angle  may  be  other  than  a  right  angle,  and  how  the  difference 
of  the  angle  made  by  the  two  lines  h  e  and  cZ/ influences  the  direction 
of  motion.  The  young  reader,  in  thinking  over  the  condition  of 
a  vessel,  as  ^  in  same  figure,  when  acted  upon  by  a  force  represented 
by  the  arrow  A,  and  by  another  force  represented  by  the  arrow  i 
but  in  another  direction,  might  and  at  first  probably  would  suppose 
that  the  vessel  under  the  influence  of  the  two  forces  would,  to 
use  the  popular  phrase,  be  hauled  or  "  slewed  "  round,  as  it  wore 
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somehow  in  a  direction  between  the  two  directions  of  forces  h  and  t, 
intersecting  in  the  point  j^  thus  going  in  a  curve  more  or  less 
pronounced,  as  shown  in  dotted  lines.  But,  as  already  stated,  motion 
is  always  and  natiurally  taken  in  a  straight  line ;  the  new  line  of 
motion  will  therefore  not  be  as  just  stated,  but  be  in  a  straight  line, 
oblique,  or  at  an  angle  to  the  lines  hk^il,  and  g^  as  in  the  XinQJm. 

This  course,  somewhere  between  the  two  lines  of  forces,  which  is 
the  result  of  the  action  of  these  on  the  same  body,  as  ^,  depends  for 
its  direction  on  the  obliquity  of  the  angle,  as  A  ;  m  or  hj  n,  and  this 
upon  the  relation  which  the  two  forces  represented  by  the  arrows  h 
and  i  have  to  each  other.   Thus,  suppose  that,  as  in  diagram  fig.  Ill, 


Fig.  111. 

we  have  a  body,  say  a  boat,  a,  placed  under  the  influence  of  a  force 
represented  by  the  arrow  6,  which  would,  if  acting  alone,  carry  the 
body  a  as  far  as  the  point  c,  at  which  it  would  come  to  rest.  The 
body  a  is,  however,  placed  under  the  influence  of  another  force, 
represented  by  the  arrow  d,  which,  if  acting  alone,  would  carry  it  to 
the  point  0,  where  it  would  come  to  rest.  As  the  result  of  those 
two  influences,  which  the  reader  must  remember  are  acting  on  the 
body  simultaneously — that  is,  precisely  at  the  same  moment  of  time 
— the  body  moves  off  in  a  direction  between  the  two  forces  h  and 
c?,  as  shown  by  the  arrow  g,  and  to  a  distance/,  just  as  if  there  were 
but  one  force,  acting  in  direction  of  arrow  A.  This  point /is  at  the 
angle  where  the  two  lines  produced  from  points  c  and  e,  and  parallel 
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to  a  e,  a  c,  meet.  In  other  words,  the  direction  of  the  new  motion 
is  the  diagonal  of  a  square,  and  the  length  of  the  line  is  equal  to 
that  diagonal,  and  is  just  as  much  longer  than  the  length  of  line,  as 
ae  or  a  c,  due  to  one  or  other  of  the  forces  b  and  d  taken  E'ingly,  as 
the  diagonal,  a/,  of  a  square  is  longer  than  the  side  of  it,  as  a  e  or 
a  c.  It  follows,  therefore,  that  this  diagonal  will  vary  in  length  as 
the  difference  between  the  two  forces  varies :  where  the  forces  are 
equal,  as  in  fig.  Ill,  the  diagonal  is  that  of  a  square ;  where  they  are 
unequal,  as  in  fig.  112,  the  diagonal  is  that  of  a  parallelogram. 
And  this  is  found  thus:  Let  a  be  the  body  placed  under  the  influence 
of  a  force,  as  6,  which,  acting  alone,  would  carry  it  to  the  point  c, 
where  it  would  come  to  rest ;  let  d  represent  a  force  which  would 
carry  the  body  a  to  the  point  e:  the  length  and  direction  of  the 
diagonals  are  found  by  drawing  lines  parallel  to  ac,  a  e,  which  meet 
and  cut  each  other  in  a  point,  as^!  We  thus  have  a  parallelogram, 
a  efCf  the  diagonal  of  which,  as  a/,  gives  both  the  length  and  the 
direction  of  the  line  of  motion.  This  new  line  is  called  technically 
the  "  resultant  "  of  the  two  forces,  and  any  one  of  the  diagrams  we 
have  obtained  in  figs.  Ill  and  112,  as  a  e/cy  a  c/ey  is  known  as  the 
"  parallelogram  of  forces."  In  all  cases  the  body,  as  a  in  figs.  Ill  and 
112,  will  move  in  the  direction  under  the  influence  of  two  forces  no 
further  from  the  point  a  than  the  extremity,  as /a,  a  line  which  is 
the  diagonal  of  a  parallelogram  the  sides  of  which  are  ac,  ae.  And 
this  holds  equally  true  whether  the  lines  of  direction  of  the  two 
forces  are  at  right  angles  to  each  other,  as  in  diagrams  111  and  1 1 2,  or 
oblique  to  each  other,  as  in  ^g,  113,  at  a  and  6,  acting  on  c.  If  these 
forces  acting  upon  the  body  c  are  equal  to  each  other,  the  distances 
to  which  each  will  carry  the  body,  if  acting  singly,  will  be  equal,  say  to 
points  d  and  e;  and  by  producing  from  these  points  lines  parallel 
to  c  e  and  c  dy  they  cut  or  meet  in  the  point  /,  forming  a  parallelo- 
gram known  geometrically  as  a  rhombus,  the  diagonal  of  which,  as 
c/,  is  the  length  and  the  direction  of  the  new  line  of  motion,  as  if 
the  body  c  were  acted  upon  by  a  single  force,  as  at  h.  The  length  of  the 
diagonal  and  the  form  of  the  parallelogram  of  forces  depend  upon 
the  relation  of  the  angles  of  the  lines  or  direction  of  the  forces  to 
one  another.  Thus,  in  figs.  111,112,  and  1 1 3,  we  show  forces  acting  at 
different  angles;  these  acting  as  at  bdy  ^g,  1 1 1,  will  form  either  squares, 
as  in  the  diagram,  or  rectangles  if  acting  as  at  &  c^  in  diagram  fig.  112. 
The  forces  acting  at  the  angle  c,  ^g.  113,  will  form  a  rhombus,  as  in 
diagram  ;  and  those  forces  acting  as  at  a  and  6,  fig.  114,  will  form  a 
lozenge-shaped  figure  or  rhomboid,  as  in  the  diagram.  The  more 
closely  the  lines  of  the  forces  act  together,  converging  towards  the 
body  on  which  they  act,  the  longer  will  be  the  diagonal.     Thus,  in 
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diagram  fig.  lU  we  have  the  lines  of  the  two  forces  a  and  h  approach- 
ing pretty  closely  to  each  other  as  they  stnke  the  body  at  c ;  the 
direction  in  which  the  force  h  tends  to  drive  the  ball  c  is  in  the  line 


""Fig.  112. 

h  d,  that  of  the  force  a  on  c  is  the  line  c  « ;  the  resultant  of  these 
two  forces  is  a  long  diagonal  c/,  and  a  narrow  compressed-looking 


Fig.  113. 

parallelogram  of  forces,  cdfe.  If  the  forces  act  in  opposite  direc- 
tions, but  crossing  each  other's  path  obliquely,  the  diagonal  is  short. 
The  parallelogram  of  forces  in  this  case  is  shown  in  fig.  114.     In 


f 
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this  the  body  g  is  struck  simultaneously  by  two  forces  h  and  i  acting 
in  opposite  directions,  but  obliquely — the  force  h  tending,  if  acting 
singly,  to  drive  the  body  g  in  the  direction  h  g  j,  that  of  force  i  in 
the  direction  igk*,  the  resultant  of  these  is  in  the  direction  of  the 
short  diagonal  g  I,  the  parallelogram  of  forces  being  completed  by 
drawing  from  points  j  and  k  lines  parallel  to  the  lines  of  direction 
of  forces  g  k,gjy  meeting  in  point  l;  the  points  ^  and  k  are  those 
to  which  the  forces  h  and  t,  supposed  to  be  equal,  would  carry  the 
body  at  g,  if  acting  singly.     We  thus  see  how  the  length  to  which 


Fig.  114. 

a  body  moving  under  the  influence  of  two  forces  striking  it  simul- 
taneously is  dependent  upon  the  relation  or  position  the  two  forces, 
or  their  lines  of  direction,  have  to  each  other.  Thus,  in  diagram 
fig.  Ill  the  body  a  runs  but  a  very  short  distance,  as  a/,  but  in  first 
diagram  fig.  114  it  runs  a  long  distance,  as  c/,  the  forces  in  both  cases 
being  equal.  It  will  be  obvious  that  the  less  oblique  the  lines,  as  h  i, 
diagram  fig.  114,  are,  the  shorter  will  be  the  diagonal,  s^s  gl;  and  we 
can  conceive  of  the  forces  approaching  nearer  and  nearer  the  position 


488   THE  TECHNICAL   STUDENT'S   INTRODUCTION   TO  MECHANICS. 

of  a  straight  line  till  they  are  exactly  opposite  each  other,  but  in  the 
same  straight  line,  when  all  diagonals  would  be  obliterated,  and  if 
the  forces  were  equal  the  body  would  be  kept  at  rest  in  a  position 
central  to  the  two.  When  we  have  a  combination  of  forces  acting  in 
different  lines  of  direction,  and  with  different  pressures  or  degrees  of 
force,  we  may  have  a  series  of  parallelograms  of  forces  which  have 
all  the  same  diagonal,  this  being  common  to  the  whole  of  them. 
This  we  illustrate  in  diagram  fig.  115,  in  which  the  line  a  6  is  the 
diagonal  of  the  parallelogram  abed,  being  the  resultant  of  the  two 
compound  forces  e  and/. 

We  have  given  a  diagram  in  fig.  115  illustrating  the  result  of  a 


Fig.  115. 

combination  of  forces  on  a  number  of  parallelograms,  all  having  the 
same  resultant.  In  this  diagram  the  line  a  6  is  the  diagonal  of  the 
parallelogram  a  g  h  h,  the  compound  forces  giving  this  resultant  a  b 
being  represented  by  the  arrows  i  and  jy  while  the  two  compound 
forces  q  and  r  give  as  a  resultant  the  same  diagonal  line  a  6  of  the 
parallelogram  a  o  b  p. 

Those  illustrations  of  the  parallelogram  of  forces  have  had  reference 
to  what  is  known  as  the  "composition  of  forces"— ^by  which  when 
we  have  the  amount  of  two  forces,  as  the  forces  represented  by  the 
arrows  b  and  d  in  diagram  ^g,  112  {ante),  and  wish  to  ascertain  the 
force  of  the .  resultant  a  /  of  those  two  component  forces,  we  can 
ascertain  this  graphically  by  drawing  tho  line@  a  c^  a  e,  coincidQut 
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with  the  direction  of  the  two  component  forces  b  and  d,  and  knowing 
the  amount  of  each  of  these  two  forces,  stated  in  pounds,  say  b  50 
and  d  30,  we  take  from  a  scale  of  equal  parts  the  distances'  50  and 
30,  and  set  them  off  from  the  point  a  on  the  lines  a  c  and  a  e 
respectively.  We  then  complete  the  parallelograms  by  drawing  lines 
from  points  c,  e,  parallel  to  a  e,  a  c,  and  prolong  them  till  they  cut 
in  the  point yi  We  then  draw  the  diagonal  a/y  which  is  the  resultant 
of  the  two  component  forces  b  and  d,  and  by  taking  its  distance  a/ 
in  the  compasses,  and  applying  it  to  the  same  scale  of  equal  parts 
with  which  we  measured  the  distances  50  and  30,  representing  the 
forces  of  d  and  6,  we  can  read  off  the  proportion  which  the  force  of 
the  resultant  a /bears  to  the  two  component  forces. 

What  is  called  the  "  resolution  of  forces "  is  an  appUcation  of  the 
principles  of  the  parallelogram  of  forces,  the  converse  of  the  "  com- 
position of  forces."  And  by  this  latter  we  find  a  direct  force,  as/  a, 
^g.  112,  to  balance  with  or  be  equivalent  to  two  given  forces,  d  a  c, 
b  a  c.  By  the  "  resolution  of  forces,"  if  we  have  a  given  force  we 
can  find  two  forces  which  will  be  equivalent  to,  or  will  balance  it,  so 
to  say.  Thus,  suppose  we  have  a  force  represented  by  the  oblique  or 
diagonal  line  a/,  fig.  112,  the  resultant  of  two  component  forces^  and 
we  desire  to  know  the  proportion  of  this  force  which  acts  in  a  direc- 
tion, say,  as  a  c,  and  that  acting  in  the  direction  a  e,  we  draw  lines 
from  the  terminating  points,  a  and  /,  of  the  resulting  force  a  /, 
parallel  to  the  axis  of  direction  we  have  assumed — namely,  bac,  dac. 
The  forces  we  wish  to  know  the  amount  of  are  acting  as  parallel  to 
the  lines  a  c  and  a  e ;  those  lines  drawn  from  the  point  /  will  cut 
in  the  point  c,  completing  the  parallelogram  of  forces  a  e,fc.  If  we 
measure  from  any  scale  of  equal  parts  the  line  a  f,  we  can,  by 
measuring  the  distances  a  c  and  a  e  from  the  same  scale,  read  off 
the  proportions  which  those  two  component  forces  bear  to  the 
resultant  a/. 

Bowing  of  Boats — Oars— Helms  of  Boats  aad  Ships— Oblique  Action  of  the 
Wind  on  the  Sails  of  Ships — Propelling  Boats  by  Oars— Feathering  of  Oiprs. 

These  two  principles,  the  composition  and  the  resolution  of  forces, 
or  simply  the  one  single  principle  from  which  the  parallelograms  of 
forces  both  flow,  is  illustrated  in  a  great  variety  of  mechanical 
subjects  and  work  in  which  oblique  action  is  the  marked  feature, 
this  oblique  action  being  the  result  of  two  forces.  And  this  oblique 
or  diagonal  direction  must  in  all  cases  be  in  a  line  at  some  point 
between  them,  no  matter  what  the  angle  may  be  at  which  the  lines 
of  direction  of  those  forces  would,  if  continued,  cut  or  intersect  each 
other.     This  the  reader  will  have  gathered  from  the  statements  we 
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have  already  given ;  and  will  have  it  further  illustrated  in  those  yet 
to  be  made.  A  very  familiar  illustration  is  met  with  in  the  act 
of  rowing  in  a  boat  propelled  with  oars.  If  we  take  the  a  in  ^g,  116 
to  represent  either  a  man  rowing  or  a  boat  propelled,  we  have  the 
first  force  applied  to  send  a  in  the  direction  of  arrow  6,  the  second 
to  cause  it  to  go  in  the  direction  of  arrow  c;  but  these  forces  being 
equal  on  each  side,  the  body  takes  the  straight  course,  as  c?,  between 


#  }  \ — ^-A>    —      ■.• 


Fig.  116. 

them.  And  although  in  the  case  of  a  boat  rowed  by  one  man  the 
two  oars  would  appear  to  be  moved  not  only  simultaneously  but 
precisely  in  the  same  way,  and  that  therefore  the  boat  must  go 
straight,  the  oblique  direction  in  which  the  oars  strike  the  water  is 
practically  always  changing ;  still  because  those  changes  are  equal  on 
each  side  the  boat  takes  the  course  midway  between  the  changing 
forces.     And  this  is  the  case  with  a  skilful  rower,  who  practically 
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handles  his  two  oars  equally  the  same;  but  with  an  unskilled  rower, 
the  mOTemeot  of  one  band  being  by  no  means  similar  and  alike  to 
that  of  the  other,  the  result  ia  what  we  call  a  wobbling  or  veering 
course  of  the  boat  through  the  water.  When  the  boat  is  propelled 
by  the  operation  known  as  "sculling,"  in  which  the  oar /of  boat 
g  in  fig.  116  is  used  at  the  stern,  we  have  a  good  illustration  of  two 
oblique  and  opposing  forces,  one  of  which,  as/,  itaelf  gives  the  boat's 
huU  a  movement  to  the  right,  as  at  dotted  line  A,  the  other  movement 


lig.  in. 
of  the  oar,  as  i,  to  the  left,  as  at  j,  yet  the  boat  goes  straight  on  in 
the  line  g  k,  midway  between  them ;  the  two  opposing  forces  acting 
obliquely  being  equally  balanced  on  each  side.  Sculling,  or  by  what- 
ever other  name  it  may  be  called,  however,  affords  an  example  of 
oblique  action  in  another  way  j  for  one  oar,  while  it  is  being  worked 
laterally  from  side  to  side,  is  at  the  same  time  as  it  is  pressed  through 
the  water  from  any  one  side,  turned  or  twisted  round  by  the  wriste 
of  the  oarsman  so  that  its  blade  is  pointed — that  is,  it  acts  on  the 
water  at  an  angle,  pushing  the  water  back  in  an  oblique  direction, 
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and  acting  much  in  the  same  way  as  the  blades  of  a  propalling  screw 
of  a  screw  steamer ;  this  oblique  action  will  be  more  fully  explained 
further  on.  What  is  called  the  feathering  of  the  oar  in  ordinary 
rowing  is  so  moving  it  on  its  axis  during  certain  parts  of  its  lateral 
sweep  through  the  water  that  fts  edge  is  turned  so  as  to  present 
its  face  obliquely  to  the  water  What  is  called  a  "feathering  paddle 
wheel "  of  a  paddle-wheel  steam-vessel  is  one  with  its  floats  or  paddles 
hung  on  centres  or  studs  at  their  ends,  so  that  by  appropriate 
mechanism,  as  eccentrics  or  levers,  they  can,  from  the  motion  of  the 
main  shaft,  be  changed  in  position  on  entering,  while  passing  through, 
and  on  leaving  the  water.  When  fixed  rigidly,  the  floats  or  paddles 
radiating  from  the  centre  are  on  entering  the  water  in  the  position  a, 
£g  117.  This  action  on  the  water  in  no  way  promotes  the  propulsion 
of  the  vessel — in  fact,  it  tends  more  to  lift  it  up  out  of  the  water, 
pressing  as  it  does  directly  on  the  surface  of  the  water ,in  the  direction 
of  the  arrow  b,  and  consequently  to  raise  the  centre  shaft  in  the 
direction  of  the  arrow  d.  On  leaving  the  water,  or  when  about  to 
leave  it,  as  in  position  6,  its  tendency  is  to  lift  the  water  in  direction 
of  arrow/.  The  point  where  the  paddles  become  really  operative 
in  giving  their  full  propelling  power  to  the  vessel  is  at  the  lowest 
point,  g,  where,  as  the  paddle  wheel  revolves,  the  paddles/ push  the 
water  directly  back  in  the  direction  of  the  arrow  k,  and  this  pushes, 
so  to  say,  the  centre  c,  and  through  it  the  vessel,  through  the  water 
in  the  direction  of  arrow  i.  It  is  only  at  this  point  g,  when  the 
1  adial  paddle  is  vertically  in  the  water  and  at  a  short  distance  from 
cither  side  of  it,  as  at  j  and  ky  that  the  paddle  is  efficient ;  losing 
its  propulsive  power  in  proportion  as  it  reaches  the  positions  as  at  a, 
c,  and  /.  By  feathering  the  paddles,  or  hanging  them  so  that  they 
can  be  moved  round  on  their  axis,  the  positions  at  a  and  I  can  be 
altered,  as  at  mn  and  op — gr  being,  as  before,  the  normal  position 
of  greatest  propulsive  effect.  In  those  diagrams  the  letter  8  represents 
part  of  the  arms  of  the  paddle  wheels,  which  carry  along  with  the 
outer  rings  the  "floats"  (or  paddles),  which  are  centred  as -shown, 
tt  representing  the  eccentJiic  rods  by  which  the  "floats,"  as  m,  w, 
are  moved  in  the  centre  into  the  different  positions  required. 

Further  IllustrationB  of  Obliqne  Action— Crossing  of  Bivers  by  Ferry  Boats 
ancliored  by  Chain  to  a  Central  Point  in  the  Stream,  and  InfluencecL  by  the 
Helm— Tacking. 

We  have  a  curious  and  instructive  example  of  oblique  action  from 
two  forces  in  the  method  of  crossing  rivers  by  ferry  boats  anchored 
to  a  post  in  the  centre  of  the  stream — a  method  which  travellers  on 
the  Continent  have  opportunities  to  see  examples  of  in  the  broad 
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rivers  there  met  with  *  a  method  which  has  puzzled  many  a  one  to 


account  for.     In  this  we  have  the  stream,  ahcd,  ^g.  118,  flowing  in 
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the  direction  e  to/,  ^g.  118,  and  the  post  g,  to  which  the  ferry  boat  h 
is  anchored  by  the  chain  i  i,  placed  in  the  centre  of  the  river :  so 
that  normally,  when  free  to  act,  the  boat  would  occupy  the  centre 
of  the  stream  or  river.  Presuming  that  it  has  been  brought-to  and 
moored  at  the  bank  c  d,  on  the  mooring  rope  being  let  go,  the 
tendency  of  the  current  from  etofia  simply  to  carry  the  boat  down 
the  stream  towards/.  But  the  helm  is  put  up  so  that  its  surface  is 
presented  to  the  downward  flow  of  the  water  in  an  oblique  direction; 
therefore  a  force  acting  obliquely  is  created,  and  which  tends  to  drive 
the  boat  up  the  stream ;  the  resultant  of  those  two  component  forces 
is  just  as  in  the  case  of  the  parallelogi*am  of  forces  in  diagram  fig.  Ill 
(cmte) — only  as  the  boat  is  anchored  at  the  anchor  post  g,  the  result- 
ant, in  place  of  being  a  straight  line,  as  af  in  fig.  Ill,  takes,  or  is 
compelled  to  take,  the  form  of  a  cijrve,  the  centre  of  which  is  at  g, 
^g.  118,  and  the  boat  is  carried  to  a  pointy  on  the  opposite  bank,  a  b. 
The  ferry  boat  is  made  to  return  from,;  to  A;  by  the  same  action. 
This  diagram  illustrates  partly  also  the  result  of  the  two  forces  in 
crossing  a  river  by  a  boat  sailing-  across.  The  force  of  the  descending 
stream,  acting  directly  in  direction  e/,  to  push  the  vessel  downwards, 
is  converted  into  an  oblique  force  by  the  action  of  the  helm  and  by 
the  trimming  of  the  sails,  set  so  that  the  wind  acts  obliquely  on  their 
surfaces.  T^us,  if  we  suppose  the  boat  k  was  desired  to  be  taken 
across  from  bank  c  d  to  bank  a  h,  and  that  the  wind  was  blowing 
directly  across  the  river  in  the  direction  of  arrow  I  toj,  if  there  were 
no  current  whatever  from  e  to/,  the  boat  would  be  propelled  by  the 
force  of  the  wind  acting  in  the  sails  right  across  from  h  toj.  But 
the  stream  is  flowing  strongly  from  e  to/,  tending  to  carry  the  boat 
down  the  river  directly  it  is  let  loose  from  its  moorings.  By  the 
action  of  the  helm  and  the  trimming  of  the  sails,  the  force  of  the 
wind  acting  on  the  sails  in  the  direction  of  Ij,  and  that  of  the  stream 
acting  in  direction  ef,  the  "  resultant "  of  the  two  forces  is  that  the 
boat  takes  the  diagonal  km  pi  the  parallelogram  kj m n,  and  arrives 
at  a  point  m,  lower  down  than  k.  By  a  repetition  of  this  process,  by 
only  partly  crossing  the  river,  not  going  very  close  to  the  banks,  the 
sailing  boat  can  "beat"  up  against  the  force  of  the  river  flowing 
downward,  aided  by  a  wind,  so  that  she  can  sail  up  the  stream  ;  and 
on  the  same  principle  a  sailing  ship  can  tack,  beating  up  against  a 
contrary  wind.  The  details  of  this  will  be  more  clearly  seen  when 
we  come  to  inquii:e  into  the  oblique  action  of  the  wind  in  sailing 
ships.  Much  of  the  principle  here  described  is  illustrated  by  the 
action  of  a  boat  rowed  by  hand.  Suppose  the  boatman  in  boat  j 
wished  to  cross  to  the  opposite  bank  to  reach  some  point  near  the 
point  A;:  the  boat  would  be  rowed  close  in  shore,  along  bank  aft, 
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creeping  up  the  stream  in  the  direction  of  arrow  o,  the  action  of  the 
current  being  so  Weak  at  this  point  that  the  strength  of  the  rowers 
would  be  able  easily  to  move  the  boat  up — say  till  it  reached  the 
point  j[7;  they  would  then  strike  out  into  the  body  of  the  stream. 
There  meeting  the  full  force  of  the  current,  they  would  row,  keeping 
by  the  helm  the  boat's  head  pointing  up  the  river,  in  the  direction  of 
pq.  The  result  of  the  force — singly  considered,  apart  from  the  force 
of  the  current — executed  by  the  rowers  acting  in  direction  of  arrow 
r,  would  be  to  take  the  boat  across  to  the  point  d,  but  the  force  of 
the  current  acting  in  direction  e,  the  "resultant"  of  the  two  forces 
would  be  the  diagonal  pk  of  the  parallelogram  p  d  kj,  which  would 
land  the  boat  at  point  k.  By  knowledge  of  the  currents,  boatmen 
can  so  '^  hit "  the  point  p — up  to  which  they  should  creep  close  to  the 


Fig.  119. 

bank  in  shallow  water,  having  small  force  of  current  downwards — 
that  they  are  able  to  arrive  at  any  point,  as  k,  they  may  desire. 

In  the  propulsion  of  ships  or  vessels  by  steam  power  the  greatest 
revolution  in  the  mechanics  of  the  question  was  that  effected  by  the 
application  of  the  Archimedean  or  endless  sci*ew  as  patented  some  forty 
or  fifty  years  ago  by  Smith.  Although  vessels  propelled  by  this  con- 
trivance— the  original  form  of  which  is  figured  in  the  illustration  in 
fig.  119,  at  a  a,  bb — do  not  attain  the  same  speed  as  vessels  propelled 
by  the  paddle-wheel  system,  stiU  that  of  the  "  screw "  offered  such 
great  advantages  from  a  navigation  point  of  view  that  it  gradually 
supplanted  the  paddle-wheel  propelled  steamers,  which  are  now  met 
with  only  on  exceptional  stations,  especially  those  where  the  greatest 
attainable  speed  is  the  one  point  aimed  at,  as  in  the  Channel  services 
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between  England  and  the  Continent  and  England  and  Ireland. 
Screw-propeUed  vessels  are  now  universally  adopted,  from  the  largest 
Atlantic  steamers  down  to  coasting  vessels  on  our  home  stations. 
We  have  only  space  to  illustrate  the  typical  form  of  the  "screw 
propeller''  as  introduced  by  the  inventor.  This,  as  shown  in  fig.  119, 
is  simply  a  turn  or  twist  and  a  part  of  a  twist  of  a  fully-developed 
pcrew,  the  blades  projecting  from  and  attached  to  or  forming  part  of 
the  end  of  a  long  shaft  b  c.  This  is  placed  at  the  stern  of  the  vessel 
in  a  part  cut  out  or  made  specially  to  receive  it  into  the  stern-post 
immediately  behind  the  rudder  of  the  ship.  The  end  c  of  the  shaft 
works  in  a  bearing  at  the  stern-post,  which  receives  the  end  or 
thrust  of  the  shaft.  The  shaft  is  carried  forward  at  the  side  c 
towards  the  bow  of  the  vessel,  in  a  channel  or  chamber  specially 
formed  in  the  lower  part  of  the  hold  to  receive  it,  being  supported 
by  pedestals  or  bearings  at  certain  points.  Its  inner  extremity  is 
near  the  engine,  to  which  it  is  connected  by  special  gearing,  and 
from  which  it  receives  a  motion  of  revolution.  When  turning  in 
one  direction  it  propels  or  pushes  forward  the  vessel  in  the  direction 
of  arrow  dy  and  this  through  the  blades  of  the  screw  pressing  up,  so 
to  say,  against  the  water  behind  towards  b,  in  the  direction  of 
arrows  e,/,  the  water  behind  the  screw  blades,  as  towards  6,  forming 
as  it  were  a  fulcrum  or  resisting  point.  When  the  shaft  c6  is 
turned  in  the  opposite  direction,  then  the  screw  as  it  revolves  acts 
with  its  blades  upon  the  water — ^before  in  direction  of  o — ^in  direction 
of  the  arrow  d ;  and  pushes  the  vessel,  -so  to  say,  backwards  or  stem 
on.  Recently,  what  are  called  twin-screw  steamboats  have  been 
introduced,  the  two  working  in  lines  parallel  to  one  another  an4  on 
each  side  of  the  vessel.  This  arrangement  gives  great  facilities  in 
working  and  manoeuvring  the  vessel,  and  yields  a  high  rate  of  speed. 
There  have  been  a  great  number  of  different  forms  of  screw  intix)- 
duced  since  Smith  patented  the  first  form  used,  as  shown  at  a  6  c 
in  fig.  119.  Each  form,  as  it  has  been  patented,  has  promised  or 
proposed  to  give  advantages  of  one  kind  or  another  not  possessed 
by  its  predecessors.  Amongst  the  best  known,  perhaps,  of  these 
later  forms  is  that  of  "Griffith."  Eig.  119,  at  g g,  hh,  gives  a 
typical  example  of  the  modern  form  of  "  screw,"  which  in  the  two 
blades  or  wings,  as  hh,  has  not  much  resemblance  to  the  popular 
conception  of  an  endless  screw,  which  is  best  met  by  the  sketch  in 
ab  cd. 

Mechanical  ContrivaneeB  oonnected  with  the  Bailing  of  Water  from  a 

Low  to  a  High  Level. 
The  mechanical  contrivance  shown  in  fig.   108,  illustrating  the 
friction  which  subsists  between  particles  of  water  and  certain  sub- 
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stances,  may  be  taken  as  belonging  to  this  class  of  mechanical 
contrivances.  In  fig.  120  we  illustrate  another  method  of  lifting 
water  vertically  from  a  low  level,  a  a,  to  a  high  one,  b.  In  this 
two  chains  or  pulleys,  c  andd,  are  used;  the  lower,  b,  of  these 
revolving  in  the  water,  which  has  to  be  raised,  the  upper,  a,  close  to 
the  point  at  which  the  water  is  to  be  delivered.  These  pulleys 
carry  an  endless  chain,  to  which  at  certain  intervals  buckets,  e,  e,  are 
fixed.  A  motion  of  revolution  is  given  to  the  upper  pulley,  c?,  and 
the  buckets  are  alternately  lifted  in  direction  of  arrow  at  right  hand 
of  diagram,  each  bucket  carrying  its  supply  of  water,  and,  descending 
in  that  of  the  arrow  at  left  hand  of  diagram,  emptied  of  its  contents. 


I 


M-J^ 


1 


Fig.  120. 

as  at  e.  This  emptying  of  the  buckets  is  effected  at  the  point  e, 
the  highest  point  to  which  the  buckets  are  delivered;  the  water 
as  it  is  emptied  flowing  into  the  trough  yy,  which  conducts  it  to  the 
point  of  delivery  desired.  Improved  mechanism  of  this  class  is  used 
on  the  Continent.  In  this  the  buckets  are  made  of  a  certain  form, 
attached  to  the  linked  endless  chain  cc,  which  is  carried  by  the 
lower  pulley  b.  Each  bucket  is  provided  with  a  hinged  lid  or  cover, 
which  closes  while  the  bucket  is  rising,  but  which  opens  the  moment 
the  bucket  passes  the  vertical  line,  which  it  does  at  or  about  the 
point  e.  A  small  pulley  or  roller  is  fixed  to  the  side  of  the  trough//, 
which  acts  in  freeing  the  chain  from  being  caught  by  the  trough 
until  the  bucket  is  emptied  of  its  contents,  after  which  the  chain 

32 
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reeumee  its  uonnal  position  ready  for  the  descent  in  direction  of 
arrow  c.  As  coneiderable  power  is  lost  by  the  empty  buckets 
while  descending — catching  or  arresting  the  air  as  the  buckets  paes 
downwards  with  their  orifices  or  mouths  open — in  this  form  of  the 
contrivance  a  valve  or  flap  is  so  connected  with  the  bucket  that 
.  it  opens  as  the  bucket  descends,  allowing  the  air  to  escape  freely 
during  its  descent,  thus  giving  the  miaimum  of  resistance  as  exercised 
by  the  air.  When  the  water  is  reached  its  pressure  closes  this  valve, 
and  keeps  it  closed  until  the  bucket  is  emptied  at  point  e ;  the  valve 
again  opening  on  the  bucket  assuming  the  position  of  descent. 


Fig.  121. 

In  fig.  121  we  illustrate  another  of  the  vertical  methods  of  raising 
water  from  a  low  to  a  higher  level.  This  consista  of  an  endless 
chain  fixed  much  in  the  same  way,  and  passing  round  pulleys,  as  in 
last  figure.  This  chain,  partly  shown  at  a  ct,  passes  at  one  side 
down  a  tube,  b  6,  the  lower  end  of  which  terminates  in  the  water 
which  is  to  be  raised.  Strung  on  or  fixed  at  intervals  to  the  chain 
are  drciilar  discs,  as  at  c  c  These  are  made  of  discs  or  circular 
plat«B  of  thick  sole  leather,  each  disc,  as  e,  being  placed  between  two 
iron  discs,/,/,  of  less  diameter,  so  that  a  narrow  concentric  ring  of 
leather  is  left  outside  the  iron  discs,  as  shown  at  e//  This  gives 
the  discs  such  a  grip,  so  to  say,  of  the  interior  of  the  tube  in  which 
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they  move,  that  they  act  very  much  like  packed  pistons,  and  being 
thus  pretty  tight,  keep  the  water  each  disc  lifts  up  as  it  passes 
upwarids.  On  the  uppermost  disc  reaching  the  point  g,  the  water 
flows  away  by  the  trough  or  channel  g.  This  form  of  apparatus, 
simple  as  it  seems,  is  much  more  effective  than  one  would  at  first 
sight  be  inclined  to  believe. 

Mechanical  Contrivances,  other  than  Pnmps,  for  Baieing  Water  from  a 

Low  to  a  High  Level. 

In  ^g,  122  we  illustrate  one  of  the  class  of  contrivances  for  raising 
water  in  which  the  apparatus  is  placed  on  the  incline.  This  is  a 
modification  of  the  principle  guiding  the  apparatus  wHich  is  illustrated 


4>^ 


Fig.  122. 

in  last  figure  (121),  but  in  this  the  water  movers  are  not  circular  but 
rectangular,  and  are  strung,  so  to  say,  upon  an  endless  chain,  a  a, 
passing  round  two  pulleys,  h  and  c.  The  boards  or  lifters  pass 
through  a  trough,  d  e,  the  sectional  area  of  which  is  a  little  less  than 
that  of  the  water-lifting  boards  attached  to  the  chain  a  a,  and  this 
so  that  while  the  chain  of  boards  can  come  freely  within  the  trough 
d  e,  there  will  be  as  tight  a  joint  between  the  edges  of  the  boards 
and  the  inside  of  trough  dejSO  that  the  water  escape  shall  be  the 
minimum.  On  reaching  the  point  d,  the  water  escapes  as  at  h,  and 
is  led  where  required.  By  far  the  best  known  and  the  most  efficient 
of  the  inclined  class  of  water  lifters  is  that  illustrated  in  fig.  123,  and 
which  is  known  as  the  "  Archimedean  screw  "  water  elevator.  This, 
as  shown  by  the  diagram,  is  an  endless  screw,  a  a,  wound  round  and 
carried  by  a  central  shaft,  b  6,  worked  by  hand  or  by  belt  and  driving 
pulley  c,  where  animal  power  is  used.  The  shaft  is  carried  at  its 
upper  end  by  the  pedestal  d,  and  the  lower  end  has  its  bearing  on 
the  step  e,  which  is  placed  under  water,  as  is  also  the  lower  extremity 
of  the  tube  or  chamber//,  in  which,  the  screw  a  a  and  its  shaft 
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works,  this  chamber  being  properly  secured  to  the  brick  or  masonry 
work  of  the  inclosing  sides  of  reservoir,  the  water  of  which  has  to  be 
raised  from  the  low  level  at  ^  to  the  higher  at  h. 

We  now  come  to  the  class  of  water  raisers  or  elevators  in  which  a 
revolving  wheel  is  the  central  feature.  The  typical  form  of  this  is 
illustrated  in  fig.  124,  in  diagram  to  the  right.  This  represents  the 
principle  of  a  form  of  water  elevator  which  has  been  largely  used  in 
the  East  and  in  certain  districts  of  France.  It  is  a  rude,  but  upon 
the  whole,  where  mechanical  work  is  not  easily  obtained,  a  fairly 
effective,  contrivance.  It  is  simply  a  rudely-constructed  wheel  or 
ring  of  wood  fixed  to  a  timber  shaft,  and  to  which  at  certain  intervals 
a  series  of  earthenware  pots  or  vessels  is  tied,  one  of  which  is  shown 
at  a  a.  The  lower  part  of  the  wheel  revolves  in  the  water  which 
has  to  be  lifted  from  the  low  level  at  c,  the  upper  half  revolving  in 
the  open  air,  as  at  5  6.  As  the  wheel  revolves — worked  by  horse  or 
manual  labour— -in  the  direction  of  the  arrow,  the  water  enters  the 


Fig.  123. 

mouth  of  the  pots,  as  at  c,  and  the  filled  or  partially  filled  pots,  on 
reaching  the  upper  point,  or  at  a  little  beyond  it,  are  emptied  of 
their  contents  into  a  trough  which  is  placed  as  near  to  the  side  of 
the  wheel  6  &  as  it  can  be  fixed.  In  the  same  figure,  the  diagram  to 
the  right  illustrates  a  superior  construction  in  this  class  of  water 
elevators.  In  this  the  wheel  e  e  carries  a  series  ctf  buckets,  as  ff^ 
which  are  freely  suspended  from  centres  on  the  ring  of  the  wheel  by 
links,  as  at  g,  so  that  they  always  hang  vertically.  But  on  reaching 
the  highest  point,  the  side  of  each  bucket  catches  a  pin,  as  at  A, 
which  tilts  over  the  bucket  to  the  inclined  position  as  shown,  so  that 
it  frees  itself  from  the  water  as  shown,  this  passing  away  by  a  trough 
to  any  point  desired. 

But  by  far  the  most  effective  contrivance  of  this  class  is  that 
illustrated  in  ^g,  125,  and  which  is  known  by  the  name  of  the 
I*  Persian  wheel,"  it  being  largely  used  in  the  East.  In  its  best  form 
it  is  seen  in  the  Persian  wheels  used  for  the  drainage  of  the  fens  in 
this  country,  where,  with  all  the  facilities  now  offered  by  improved 
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workshop  practice,  it  is  made  in  the  best  and  most  effective  way,  so 
far  as  construction  is  concerned.  The  diagram  in  fig.  125  will  illustrate 
the  simple  principle  upon  which  the  "scoop  wheel"  (for  by  that  name 
in  drainage  and  irrigation  works  is  the  contrivance  known)  is  formed. 
The  shaft  a  carries  two  rings  or  shrouds,  one  of  which  is  partly 
shown  at  6  6 ;  between  these  shrouds  curved  arms  are  fixed,  the 
breadth  of  which  is  equal  to  the  distance  between  the  shrouds  or 
rings,  h  b.  These  curved  arms  form,  in  fact,  the  "  scoops."  As  the 
wheel  is  made  to  revolve  by  one  form  of  motive  power  or  other — 
windmills  are  frequently  put  to  this  special  work — in  the  direction 
of  the  arrow  d,  the  water  is  caught  and  carried  up  by  the  scoops,  till 
each  scoop  reaches  about  the  level  of  the  centre  of  the  shaft  a,  when 
the  water  flows  out  from  it,  and  being  caught  np  by  a  trough  is  led 


Fig.  124. 

off  to  any  place  desired.  In  the  same  figure  there  is  a  diagram 
showing  one  method  of  constructing  the  form  of  scoop-wheel  used  at 
some  parts  of  the  drainage  works  in  Lincolnshire.  In  this  6  e  is  part 
of  the  main  shroud,  connected  by  eight  arms — part  of  one  of  which  is 
shown  at/ — ^to  the  central  shaft.  The  f coops  are  made  in  two  parts 
— the  first  or  inner  part  g  being  fixed  to  the  shroud  or  ring  e  e,  the 
outer  part  h  being  strengthened  by  the  outer  and  subsidiary  ring  i  i, 
the  whole  of  the  arms  being  strengthened  by  the  stays,  rods  or  bars,  k  k. 
The  arrow  m  shows  the  direction  in  which  the  scoop-wheel  revolves. 
In  many  cases  of  drainage  works  in  which  the  scoop- wheel  is  employed 
to  raise  the  water  from  the  collecting  drains  or  ditches,  the  water 
there  is  generally  almost  stagnant,  having,  at  all  events,  very  little 
flow  or  current.  In  some  instances,  however,  the  scoop-wheel  is 
used  where  the  water  to  be  raised  or  part  of  it  has  a  pretty  strong 
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* 
current.  This  gives  weight  or  pressure  enough  to  work  a  water- 
wheel  of  the  class  known  as  "  undershot?'  In  such  a  case  the  power 
of  the  current  is  often  used  to  work  the  scoop-wheel.  This  power  is 
very  easily  obtained,  by  simply  adding  paddles  or  projecting  boards, 
partly  shown  at  w  w,  to  the  outer  ring  or  shroud  o  o,  corresponding 
to  b  bj  £g.  125.  The  current,  flowing  in  the  direction  of  arrow  at  j5, 
corresponding  in  direction  to  arrow  d,  turns  the  wheel  round,  and  as 
it  is  turned  round  "  scoops  "  or  "  lifts  "  up  the  water,  and  delivers  it 
as  already  explained. 


Meehanioal  Contrivanees,  other  than  Pumps,  for  Bailing  Water  firom  a 

Low  to  a  High  Level  (^continued). 

The  contrivance  we  are  about  to  illustrate  and  describe  in  this 
paragraph  is  one  which  comes  more  under  what  may  be  called  purely 
hydraulic  phenomena  than  the  contrivances  we  have  up  till  now 
illustrated.  It  is  known  by  the  name  of  the  "  hydraulic  ram,"  and 
is»  capable  of  being  applied  to  a  very  wide  range  of  work — from  the 
lifting  of  water  to  supply  a  single  house,  or  even  a  room,  as  a  stable, 
up  to  a  large  mansion  or  factory.  It  depends  for  its  working  upon 
the  power  of  running  water,  and  also  upon  this :  that  water  dropping 
from  a  height  acquires  a  certain  amount  of  momentum,  or  what  may 
be  called  mechanical  force,  which  may  be  felt  as  a  shock  or  blow  of 
some  severity  on  the  substance  or  body  on  which  it  is  allowed  to 
drop  or  fall.     In  falling  from  a  considerable  height,  however,  by  the 
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agency  of  the  wind  or  the  air  it  is  apt  to  be  broken  up  or  divided 
into  small  drops,  or  even  into  spray,  which  falls  softly.  But  if  the 
same  volume  of  water,  dropping  from  the  same  height  as  before,  be 
confined  within  a  channel  or  pipe,  the  water,  assuming  the  form  of 
the  pipe,  becomes,  so  to  say,  a  solid  body,  and  the  momentum  it 
acquires  by  running  down  the  pipe  from  the  height  or  distance  may 
be  such  that  if  a  stopcock  or  valve,  fixed  in  the  lowest  end  of  the 
pipe,  were  suddenly  closed  or  shut,  the  force  of  the  falling  body  or 
bulk  of  water  might  be  great  enough  to  force  the  valve  off  or  to 
rupture  the  pipe,  thus  giving  free  exit  for  the  water.  Or  if  the 
same  pipe  were  at  its  lower  extremity  bent  upwards  for  a  short 
distance  and  terminated  with  a  small  orifice,  the  water  would  be 
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Fig.  126. 

forced  through  this  like  a  fountatu  jet,  showing  the  force  of  the 
dropping  current.  If  the  orifice  were  suddenly  closed  after  the 
water  jet  had  been  playing  for  some  time,  the  shock  might  be  such 
as  to  blow  the  jet  or  mouthpiece  ofi;  It  is  upou  this  peculiarity  of 
water  running  or  dropping  from  a  high  to  a  low  level  that  the 
working  of  the  hydraulic  ram  depends.  Let  a,  fig.  126,  be  the  termina- 
tion of  a  pipe  leading  some  of  the  water  from  a  small  rivulet  of  good 
wholesome  water  fitted  for  domestic  or  other  use,  a  part  of  which 
supply  is  required  in  a  house  built  on  a  site  at  a  considerable  height 
above  the  point  where  the  ram  is  placed.  The  pipe  a  is  connected 
with  kT.  chamber  bb;  at  the  near  end  of  this  a  valve  seating  c c  is 
cast,  in  which  there  is  a  valve  d  opening  inwards,  or  rather  free  to 
drop  downwards  when  left  free  to  act  by  its  own  weight.  At  the 
other  or  far  end  of  the  chamber  6  6  is  a  valve  e,  opening  upwards  to 
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the  air  vessel  //,  to  which  there  is  fixed  a  vertical  pipe  g  g,  leading 
the  water  to  the  site  of  the  house  or  other  place  where  the  water 
supply  is  required ;  the  other  or  lower  extremity  h  terminating  at  a 
point  not  far  from  the  bottom  of  the  air  vessel.  The  supply  to  or  flow 
of  the  water  up  the  pipe  ^  ^  is  constant.  How  this  continuity  of 
flow  is  secured  the  following  will  explain,  the  young  reader  bearing 
in  mind  our  statement  of  the  principle  upon  which  this  highly 
ingenious  and  thoroughly  philosophical  contrivance — ^invented  by  the 
celebrated  Montgolfier  in  1796 — is  based.  On  the  installation  being 
completed,  and  the  water  of  the  rivulet  or  primary  source  of  supply 
allowed  to  pass  into  the  pipe  a,  it  flows  through  the  opening  k  of 
valve  chamber  c  c,  and  passes  back  to  the  rivulet  or  source  of  supply. 
But  as  the  current  along  a  continues,  its  velocity  or  flowing  speed 
increases  until  its  momentum  is  sufficient  to  overcome  the  weight  of 
the  valve  d^  which  is  but  a  little  in  excess  of  the  weight  or  pressure 
due  to  the  water.  The  valve  d  is  then  pressed  into  its  seat,  and  all 
escape  of  water  through  the  opening  k  prevented.  The  flowing  stream 
is  then  arrested,  with  a  shock  or  blow  more  or  less  violent,  by  coming 
up  against  the  end  of  m,  the  inside  of  chamber  h  by  and  recoiling  from 
this  surface  it  follows  the  law  of  bodies  in  motion  of  taking  the  line 
of  least  resistance ;  it  therefore  opens  or  raises  the  valve  e  from  its 
seat.  This  allows  of  the  escape  of  a  portion  of  the  water  from  the 
chamber  h  b,  which  thus  passes  into  the  air-vessel//.  This  reduces 
the  speed  or  pressure  of  the  water  at  the  near  end  of  the  chamber  b  b ; 
the  valve  d  then  drops  from  its  seat,  and  the  water  escapes  as  before. 
As  the  velocity  and  momentum  of  the  flowing  water  through  opening 
k  increases,  the  valve  d  is  again  closed,  and  the  shock  of  the  arrested 
water  at  end  m  of  chamber  b  b  again  lifts  the  valve  e,  and 
another  portion  of  water  is  passed  into  the  air-vessel  i  i.  And  so  the 
process  goes  on  until  a  sufficiency  of  water  is  passed  into  //  to  make 
its  level  some  distance  above  the  orifice  of  lower  part  at  h  of  pipe  gg. 
This  causes  the  air  to  be  compressed  in  the  upper  pai-t  iioi  the  air- 
vessel//;  the  higher  the  water  in  which,  the  greater  the  compression. 
This  compressed  air  acts  as  a  spring  or  force  upon  the  surface  of  the 
water  in  //,  and  causes  it  to  flow  up  ^  ^  in  a  continuous  spring. 
Each  shock  or  momentum  of  the  valve  is  quite  audible  during  the 
working  of  the  apparatus,  and  the  successive  shocks  give  the  means 
ef  counting  the  number  of  "  beats  "  or  "  strokes  "  of  the  ram  per 
minute. 

The  above  contrivances  have  all  for  their  aim  the  raising  of  water 
from  a  low  to  a  high  level — an  operation  so  frequently  required  to 
be  gone  through  in  the  varied  work  of  man  in  his  domestic  and 
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industrial  work.  It  is  but  comparatively  seldom  that  water  is 
required  to  be  lifted  from  a  high  and  transferred  to  a  lower  source. 
But  this  process  is  required — and  this  often — in  transferring  the  liquid 
in  one  vessel  to  another  vessel ;  and  when  so  required  is  accomplished 
by  the  hydraulic  contrivance  known  as  the  "  siphon."  This,  however, 
like  the  hydraulic  ram  just  described,  and  like  the  pumps  yet  to  be 
so,  depending  also  upon  the  action  of  the  atmosphere,  may  be  classed 


Fig.  127. 

as  much  as  a  pneumatic  as  a  hydraulic  contrivance.  Fig.  127  will 
illustrate  the  action  of  the  "  siphon,"  which  is  extremely  simple  in 
its  construction,  being  merely  a  bent  tube  or  pipe,  one  leg  of  which, 
as  a  b,  is  longer  than  the  other,  c  d.  If  we  suppose  e  to  be  a  small 
reservoir  of  water,  part  of  which  is  required  to  be  raised  and  passed 
over  the  embankment  /,  a  siphon,  as  g  h^  arranged  as  shown,  will 
empty  the  reservoir  down  to  the  level  of  the  lower  or  end  orifice  of 
the  shorter  leg  g.  In  same  diagram  an  arrangement  of  siphons  is 
shown  for  passing  —  in  some  chemical  or  industrial  work  —  the 
contents  of  a  series  of  tanks  from  one  to  another  without  disturbing 
the  deposited  or  sedimentary  matter  at  the  bottom  of  the  tanks  t,  y,  k, 
a  series  of  siphons,  I,  m,  n,  effecting  this  in  a  cleanly  and  convenient 
manner.       Various  ingenious  mechanical  contrivances   have   been 


506   THE  TECHNICAL  STUDENT'S  INTRODUCTION  TO  MECHANICS. 

introduced  from  time  to  time  for  the  purpose  of  conveniently  manipu- 
lating and  arranging  siphons  at  work ;  and  in  some  instances  they 
have  been  used  on  the  large  scale  for  the  purpose  of  drainage  and 
irrigation.  The  younger  reader  might  suppose  that  by  some 
mysterious  agency — everything,  be  it  noted,  being  mysterious  to 
the  youthful  mind  which  cannot  explain  natural  phenomena — 
the  siphon,  as  gfh^  fig.  127,  begins  to  work  the  moment  it  is 
placed  in  the  water  as  in  the  diagram;  or,  if  seen  for  the  first 
time  at  work,  that  this  same  mysterious  agency  keeps  it  working. 
But  the  explanation  of  its  operation  may  be  given  in  a  word  or  two. 
It  is  that  the  weight  of  the  descending  column  of  water  in  the  long 
leg,  a  h,  being  greater  than  that  in  the  short  leg  c  dy  overbalances,  so 
to  say,  the  quantity  of  water  in  the  short  leg,  and,  to  use  the  most 
familiar  language,  drags  it  up  the  height  from  d  to  c,  and  drops  it 
from  a  to  b.  But  the  young  reader,  on  thinking  the  matter  over, 
will  perceive  that  this  involves  the  condition  that  the  siphon  legs 
shall  both  be  full  of  water,  and  this  condition  will  not  be  fulfilled  if 
the  siphons  be  merely  placed  in  the  position  shown  in  the  diagram. 
To  fill  the  syphon  in  the  case  of  small  forms  of  the  apparatus,  and 
in  cases  where  there  is  nothing  obnoxious  in  the  liquid  to  be 
emptied,  the  air  may  be  withdrawn  from  the  siphon  by  "  sucking  " 
at  the  end  h  of  the  syphon.  When  the  air  is  thus  exhausted  from 
the  interior  of  the  tube,  the  pressure  of  the  air  on  the  surface  of  the 
water  in  the  reservoir  e  forces  the  water  up  the  short  leg  and  down 
the  long  one ;  and  once  the  current  is  thus  established,  it  continues 
to  fiow  until  the  water  is  emptied  to  the  level  of  orifice  of  siphon  at 
c  d ;  when,  the  air  being  thus  allowed  to  enter  the  short  leg  e  d,  the 
water  of  course  ceases  to  flow.  A  more  convenient  way  of  filling 
the  siphon  by  extracting  the  air  from  its  interior  is  shown  in  the 
diagram,  a  short  branch  at  o  being  attached  to  the  upper  side  of  the 
tube,  at  or  near  the  top  of  its  bend  or  curve.  To  this  a  pipe,  q  q,  with 
mouthpiece  at  upper  end,  may  be  connected  air-tight,  and  the  air 
may  be  extracted  from  the  siphon  when  placed  in  its  working 
position  by  a  small  air-pump  applied  at  r,  if  the  siphon  be  too  large 
to  admit  of  the  air  being  sucked  out,  so  to  say,  by  the  mouth. 
Another  method  is  to  provide  each  extremity  of  the  siphon  with  a 
tap  or  stopcock,  as  at  » ;  when,  by  simply  reversing  the  siphon  so 
that  the  end  Ay*  will  be  uppermost,  it  may  be  filled  with  water  by 
hand,  care  being  taken  to  close  the  tap  at  the  short  end.  When 
filled  both  taps  are  closed,  and  the  siphon  may  then  be  inverted 
and  placed  in  working  position.  On  both-  taps  being  opened  the 
siphon  will  then  begin  to  work.  When  the  work  is  nearly  com- 
pleted, just  before  the  water  leaves  the  lower  orifice  d  or  g,  and 
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wben  the  siphon  is  quite  full,  the  two  taps  of  this  will  oBnously 
keep  the  siphon  filled,  so  that  it  may  be  set  to  work  whenever  the 
tank,  as  6,  is  filled  and  ready  to  he  emptied.  If  the  young  reader 
has  carefully  and  intelligently  read  what  has  been  said  in  the  section 
on  Pneumatics,  and  will  read  this  present  section,  he  will  understand 
the  reason  why  the  length  of  the  long  leg  of  a  siphon  must  not 
exceed  the  height  of  a  column  of  water  which  balances  or  is  equal 
to  the  atmospheric  pressure  of  16  lb.  to  the  square  inch,  or,  say, 
34  feet ;  or,  to  provide  for  all  contingencies,  say  30  feet. 

Hydraulic  Contrivanoes  for  Baising  Water  Arom  a  Low  to  a  High  Level, 
known  as  Pnmpi— Lifting,  Force,  and  Centrifagal  Pumpe— Introductory. 

The  pump  is  a  mechanical  contrivance  for  raising  water  from  a 
low  to  a  high  level,  dependent  for  its  action  upon  the  principles  of 
pneumatics  as  well  as  upon  those  more  strictly  hydraulic.  In  the 
sectioQ  treating  of  the  phenomena  of  pneumatics  the  reader  will 
find  remarks  on  the  subject  of  the  properties  of  air  or  the  ordinary 
atmosphere — its  capability  to  expand  or  dilate,  and  to  be  compressed 
or  condensed — and  it  is  there  stated  that  upon  those  two  principles 
the  working  of  pumps  depends.  In  the  case  of  the  common  or  lifting 
or  suction  pump,  which  can  only  raise  water  to  and  not  beyond  a 
definite  height, — ^theoretically  a  little  over  34  feet,  practically 
modified  to  between  30  and  32  feet, — the  action  depends  upon  the 
excess  of  the  pressure  of  the  ordinary  atmosphere  above  the  degree 
of  rarefaction  or  expansion  of  the  air  in  the  space  below  the 
piston,  which  rarefaction  or  expansion  is  caused  by  lifting  the  piston 
which  works  air-tight  within  the  tube  or  cylindrical  chamber 
which  constitutes  the  body  of  the  pump.  This  action  we  have 
already  explained  in  the  section  treating  of  Pneumatics.  The 
pressure  of  the  atmosphere  on  the  surface  of  the  water  to  be 
raised  by  the  pump  is,  as  we  have  already  stated,  a  fraction  over 
14  lb.,  or,  in  round  numbers,  15  lb.  to  the  square  inch.  This  is 
equivalent  to  the  sustaining  of  a  column  of  mercury  or  quicksilver 
of  some  30  inches  in  height,  or  a  column  of  water  some  34  feet. 
Hence  this — or  in  practice  between  30  and  32  feet — ^is  the  limit 
to  which  the  common  or  ordinary  lifting  pump  can  raise  water. 
This  form  of  pump,  illustrated  in  diagram  in  fig.  129,  is  popularly 
known  as  the  "  suction  pump."  This  name  has  been  handed  down 
to  us  from  the  earliest  times,  when  the  pump  was  first  invented,  or 
the  fact  discovered  that  water  would  follow  a  piston  or  plunger  as 
it  was  raised  within  a  hollow  tube  or  pipe.  This  following  of  the 
water  a,  fig.  128,  or  the  raising  of  it  above  its  ordinary  or  natural 
level  b  c,  by  the  raising  or  lifting  of  the  tightly-fitting  plunger  d  in 
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the  interior  of  the  pump  barrel,  as  it  is  called,  or  cylinder  ee,  was 
popularly  supposed  to  be  owing  to  the  power  of  suction — this  being 
a  process  or  operation  similar  to  the  act  of  sucking  the  air  out  from 
the  interior  of  a  pipe  by  the  muscular  action  of  the  mouth  and  the 
lips.  Where  and  by  whom  and  when  the  common  lifting  or  suction 
pump  was  discovered  or  invented,  we  find  no  trace  of  in  history. 
Like  the  crank  and  the  potters'  wheel,  the  pump  has  to  be  added  to 
the  list  of  great  discoveries  or  inventions  largely  contributing  to  the 
national  well-being  of  mankind,  of  the  inventors  of  which  we  have 
no  record.  For  long  the  common  pump  continued  to  work,  givirg 
satisfaction,  till  some  particular  exigency  of  daily  life  rendered  it 
necessary  to  raise  water  to  a  greater  height  than  usual.  It  was 
then  found  that  beyond  the  usual  maximum  the  pump  would  not 
raise  the  water.  The  theory  with  which  scientific  men  of  that  early 
day  were  satisfied  to  explain  the  working  of  the  pump  was  dis- 
tinguished by  its  sweet  simplicity — namely,  that  "  Nature  abhorred 


*^ 


Fig.  128. 

a  vacuum,"  placing  no  limit  to  its  dislike.  Hence,  as  a  vacuum  or 
a  partial  vacuum  was  created  by  drawing  up  the  piston/,  fig.  128, 
from  its  position  quite  close  to  the  surface  of  the  water  within 
the  barrel  or  tube  g  of  the  pump — a  very  small  portion  of  air  being 
then  present — the  water  immediately  followed  the  piston  in  filling 
up  the  vacuous  space  which  Nature  abhorred.  But  when  the  difli- 
culty  above  named  was  met  with,  the  scientific  men  of  the  day  were 
quite  equal  to  the  occasion,  for  they  at  once  propounded  a  new 
theory  to  account  for  the  action  of  the  lifting  pump ;  and  it  was 
no  less  distinguished  by  its  sweet  simplicity  than  was  its  predecessor. 
For  so  worded  was  the  theory ;  "  Nature  abhors  a  vacuum  only 
up  to,  not  beyond,  a  height  or  distance  of  34  feet,  or,  say,  30  to 
32  feet.'*  This  free  and  easy  way  of  getting  out  of  or  over  a  difficulty 
did  not,  however,  satisfy  men  of  a  truly  scientific  mind.  We  have 
not  space  to  go  into  the  matter  fully :  suffice  it  to  name  here  that  it 
was  at  last  discovered  that,  although  the  atmospheric  air  was  so 
light  and  gaseous,  it  actually  possessed  weight  and  exercised  a  force 
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or  pressui-e  upon  all  bodies  subjected  to  its  mfluence.  After  this 
gi-eat  truth  was  established,  there  was  no  difficulty  in  facilitating  an 
absolutely  correct  theory  of  the  action  of  the  punip,  and  that  this 
woe  dependent  upon  the  exceeg  of  pressure  exercised  on  the  surface 
of  the  water,  as  6  c,  fig.  128,  over  the  degree  of  rarefaction  or  expan- 
^on — an  approach  to  a  vacuum  in  the  space  below  the  piston  d 
when  it  was  raissd  in  the  pump  barrel  or  tubo  e  e. 


?! 


Fig.  129. 

The  LiftiiiK,  Bnetion,  oi  Common  Fmiip. 
The  arrangement  of  this  is  illustrated  in.fig.  129,  in  which  a  a  is 
the  working  barrel  or  body  of  the  pump,  terminated  by  a  pipe,  b  b, 
which  is  led  down  to  the  well  or  reservoir  from  which  the  water  is 
to  be  raised  or  lifted.  This  pipe  is  tioaDy  finished  off  with  a  bulb 
or  "  rose,"  o,  punctured  with  holes,  and  whifch  acts  as  a  species  of  filter, 
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arresting  and  preventing  short  pieces  of  wood,  etc.,  etc.,  from  entering 
the  pipe  b  b,  which  might  disorganise  the  working  of  the  valves. 
The  working  barrel  a  a  is  furnished  at  top  with  a  small  cistern  or 
chamber,  dd,  which  allows  of  a  certain  supply  of  water  i-aised  by 
the  pump  being  retained  for  a  time,  so  that  the  running  away  of 
the  water  by  the  spout  e  may  be  continuous.  The  bottom  part 
of  the  barrel  a  a  is  provided  with  a  valve,  /,  which  opens  or  lifts 
upward  or  towards  the  inside  of  the  barrel.  The  piston  is  at  g,  and 
has  a  passage  made  through  it,  the  upper  side  of  which  is  provided 
with  a  valve  g,  which  opens  upwards — that  is,  towards  the  cistern 
dd.  The  piston  is  worked  up  and  down  by  hand,  either  directly  or 
through  the  intervention  of  a  lever,  provided  with  a  handle  by  which 
to  grasp  it.  The  operation  of  the  pump  thus  arranged  is  as  follows ; 
premising  that  by  the  term  "stroke"  is  meant  the  motion  of  the 
piston  from  one  end  of  the  barrel  to  the  other,  the  movement  from 
bottom  /  to  top  in  the  dii-ection  of  the  arrow  j  being  called  the  "  up 
stroke,"  the  movement  from  top  to  bottom  /  in  direction  of  arrow 
k  being  termed  the  "down  stroke."  Let  us  suppose  that  by  a 
preceding  "  up  stroke  "  the  barrel  a  a  has  been  filled  with  water,  and 
that  the  "  down  stroke "  is  as  shown  in  the  illustration  just  going 
on.  As  the  piston  g  is  being  forced  down,  and  presses  upon  the 
water — this  being,  as  already  explained,  incompressible — the  water 
takes  "  the  line  of  least  resistance,"  lifts  the  valve  g  upwards,  and 
the  passage  being  thus  left  free  for  it,  the  faster  the  piston  descends 
in  direction  of  arrow  k,  the  faster  is  the  water  removed  from  the 
•lower  to  the  upper  side  of  the  piston,  until,  after  having  reached 
the  end  of  the  "  down  stroke  "  about  point/,  the  whole  of  it  is  trans- 
ferred from  the  lower  to  the  upper  side  of  the  piston.  The  "up 
stroke "  is  now  commenced  in  direction  of  arrow  j ;  the  pressure  of 
water  on  the  upper  side  of  the  valve  g  in  the  piston  or  plunger 
closes  the  valve,  as  shown  at  I ;  and  a  vacuum  being  formed  below  i 
the  piston,  the  water  in  the  pipe  below /is  forced  by  the  pressure  l 
on  the  surface  of  the  water  in  the  well  or  reservoir  through  the  ' 
rose  c  up  the  pipe  b  b,  and  the  water,  taking  again  the  line  of  least 
resistance,  opens  the  valve/,  as  shown  at  m,  and  keeps  following  the 
piston,  being,  in  popular  language  "  sucked  up "  by  the  plunger  or 
piston  g.  As  this  continues  to  ascend,  the  water  above  it  is  "  lifted  " 
or  raised  till,  reaching  the  chamber  d  d^  it  passes  or  flows  away  from 
this  by  the  spout  e,  or  is  led  to  any  point  desired  by  a  pipe  or 
channel  connected  with  it.  Two  strokes — the  up  and  the  down — 
have  been  thus  completed;  and  the  contents  of  one  barrel  have 
been  transferred  from  the  well  or  reservoir  to  the  chamber  d  d,  and 
passed  away  by  the  spout  e. 
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TlM  Fone-Fnmp. 
lliis  is  illustrated  in  Sg.  130,  and  has  for  ite  object  the  lifting  ar 
fomng  the  water  to  a  much  higher  level,  or  to  a  greater  height,  to 
which  theoretically  there  is  no  limit  save  that  put  to  the  height  of 
the  column  of  water  hy  friction  and  the  exigencies  of  working.  In 
the  force-pump  the  piston  a  a  is  solid,  having  no  valve  in  it,  as  in  the 
lifting  or  ordinary  piunp,  as  in  fig.  129.  The  pump  barrel  bb  ia  also 
doeed  in  at  top,  cc,  by  an  air-tight  cover  provided  with  a  stuffing-box 


Fig.  130. 
d,  through  n^bich  the  piston  rod  1 1  works  air-  and  water-tight.  At 
the  bottom  of  barrel  bba,  -ralve/,  lifting  upwards,  is  fixed.  A  short 
distance  above  this  a  branch  g  g  leads  to  an  air  vessel  hh,  into  which 
the  water  ia  forced  by  the  action  of  the  piston  or  plunger.  This  air 
vessel  acts  like  that  in  the  hydraulic  ram  already  described,  ke^iii^ 
up  a  steady  flow  of  water  through  the  pipe;  by  the  compressed  air 
in  space  %  i.  The  following  is  the  operation  of  the  forc&^pump.  The 
up  stroke  is  just  about  being  finished  throughout,  while — the  valve 
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J  being  open — the  water  from  the  well  or  reservoir,  passing  through 
the  rose  k  at  lower  end  of  pipe  1 1^  continues  to  flow  into  the  barrel 
till  on  completion  of  stroke  it  is  filled  with  water ;  the  atmosphere 
pressing  upon  the  surface  of  water  in  well  keeping  the  water  follow- 
ing the  vacuum  caused  by  the  rising  -of  the  piston  precisely  as  in 
the  lifting  pump  described  in  preceding  paragraph.  But  the  after 
action,  or  that  of  the  down  stroke,  is  altogether  different,  and  is  as 
follows.  The  solid  piston  a  a,  on  being  forced  or  pressed  down  in 
the  direction  of  arrow  m  by  the  incompressibility  of  tiie  water,  which 
itself  thus  acts  as  a  solid  body,  presses  upon  and  closes  the  valve  y*; 
the  water,  taking  the  line  of  least  resistance,  at  the  same  time  passes 
up  the  branch  pipe  g  g^  opens  the  valve  w,  is  passed  into  the  air 
vessel  or  water-receiving  chamber,  and  is  thence  forced  out  by  the 
elasticity  of  the  air  in  the  space  i  i  up  the  pipe  ^' J.  Or  the  air  vessel 
may  be  dispensed  with,  and  the  water  forced  along  by  the  action  of 
the  piston  a  a  alone.  In  same  figure  a  separate  diagram  shows  the 
form  of  small-diametered  plunger  piston  used  in  steam-engine  force- 
pumps  :  a'  a'  the  plunger — the  pump  rod  working  the  pump  being 
jointed  to  the  eye  h\  the  stuffing-box  through  which  the  plunger 
works  water-tight  forming  part  of  the  pump  barrel  d!  d',  A  volume, 
and  that  by  no  means  a  small  one,  could  be  written  descriptive  of 
the  various  forms  of  pumps,  and  other  forms  of  contrivances  for 
raising  water;  but  the  limited  space  at  our  disposal  prevents  us 
from  going  further  into  the  consideration  of  this  class  of  hydraulic 
mechanical  work.  It  is  sufficient  for  the  purposes  of  the  present 
volume  to  give  typical  or  representative  examples  of  this  important 
department  of  mechanical  work.  But  before  concluding  this  section 
of  our  general  subject — that  of  water-raising  mechanism — it  is  right 
that  we  should  give  a  brief  description  of  a  form  of  pump  so  called, 
which,  although  of  comparatively  recent  introduction,  is  so  largely 
and  widely  used  as  to  form  one  of  the  most  important  classes  of 
hydraulic  mechanism.     To  this  class  is  given  the  name  of 

Centrifagal  Pumps. 

This  form  of  water  elevators,  although  now  classed  amongst  the 
most  important  contrivances  of  modern  mechanism,  is  by  no  means 
in  its  primary  principle  a  new  thing,  it  being  but  a  very  little  short 
of  three  hundred  years  since  a  rotative  pump  was  figured  in  the 
mechanical  or  philosophical  literature  of  the  day,  and  being  at  least 
questionable  whether  it  was  ever  valued  in  practice,  and  this  pro- 
bably from  the  low  state  of  workshop  mechanical  practice,  which 
would  scarcely  be  able  to  give  the  accurate  mechanical  work  which 
the  apparatus  demanded  for  its  perfect  working.     This  contrivance 
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was  composed  of  a  circular  disc  revolving  eccentrically  within  a 
cylindi-ioal  case  or  drum.  The  eccentricity  waa  auch  that,  while 
the  disc  at  one  side  revolved  closely  to  the  drum  or  external 
casing,  the  other  waa  at  some  distance  from  the  casing.  This  left 
a  wide  space  at  bottom,  but  gradually  narrowing  as  it  approached 
the  upper  and  right-hand  part  oF  the  apparatus.     At  this  point  two 


Kg.  lai. 


s  branches  of  a  two- 


openings  were  made,  each  leading  to  one  of  f  _ 
branched  pipe,  which  led  the  water  to  any  desired  place.  The  water 
to  be  raised  entered  the  drum  or  casing  by  an  aperture  made  at 
the  side  opposite  to  that  of  the  delivering  apertures.  Tiie  whole  was 
submerged  in  the  water  to  be  raised.  The  interior  revolvir*  ^ 
was  provided  with  four  projecting  arms  or  blades,  provided  with 
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springs  at  their  inner  ends.  These  springs  permitted  the  arms  to 
spring  or  press  out  as  they  advanced  into  the  wide  eccentric  space, 
and  to  be  pushed  in  as  they  approached  the  part  at  which  the  disc 
touched  the  upper  part  of  the  casing.  This  contrivance  contains  the 
elements  of  the  modem  centrifugal  pump.  If  the  young  reader  will 
conceive  of  the  contrivance  known  as  the  "  scoop  wheel "  for  raising 
water,  illustrated  in  fig.  125  {ante),  being  very  much  reduced  in  size, 
and  the  rate  of  revolution  on  its  centre  very  much  increased,  he  will 
derive  an  excellent  notion  of  the  modern  centrifugal  pump  as  designed 
and  introduced  to  the  British  mechanical  world  about  half  a  century 
ago  by  Appold  and  by  Gwynne.  In  ^g,  131  we  give  two  designs,  one 
in  elevation,  the  other  in  section,  illustrative  of  the  general  arrange- 
ment of  a  centrifugal  pump :  a  a,  the  external  casing,  supplied  with 
water  drawn  up  by  the  pump  through  the  supply  pipe  b,  and  sent 
or  forced  up  to  the  point  required,  the  ordinary  pipe  c.  The  centri- 
fugal pump  shown  as  inclosed  in  this  casing  is  thus  so  placed  in  its 
interior  that  it  works  in  or  is  surrounded  by  water.  The  pump  proper 
consists  of  a  circular  disc  dd — d' d'  in  the  section — which  carries 
arms  or  vanes — these  may  either  be  straight  or  curved,  one  of  each 
being  shown  in  the  diagramu  The  number  of  these  arms  varies,  one 
only  in  some  forms  being  given,  in  others  two,  and  some  have  as 
many  as  six.  The  plates  are  pierced  with  a  central  hole, /(/'/'  in 
section),  through  which  the  water  is  led  from  the  pipe  of  supply  (6  b' 
in  section),  and  on  the  centre  of  which  is  the  shaft  oo  in  section 
which  passes  through  the  stuffing  boxes  on  the  outside  of  the  supply 
pipes  as  shown.  The  central  disc  d  d  {d'  d'  in  section)  thus  divides 
the  pump  as  a  whole  into  two  parts  or  divisions,  each  division  having 
its  own  supply  pipe  b'  in  section  b  b\  The  water,  when  forced  up  by 
the  revolution  of  the  pump  disc  ddhy  the  rapid  revolution  of  the 
shaft  provided  with  a  pulley — ^fast  and  loose  for  belt  driving — ^is 
carried  off  by  a  single  delivery  pipe,  which  unites  at  top  the  two 
supply  pipes  6,  b.  To  retain  the  water  in  the  interior  of  the  casing, 
the  supply  pipes  b  b  are  furnished  with  valves  which  open  upwards. 
The  following  is  the  operation  of  the  pump.  We  assume  that  the 
casing  a  a  is  filled  with  water,  retained  in  it  by  the  valves  in  the 
supply  pipes  (6  b'  in  section)  being  closed,  thus  surrounding  the  pump 
proper  as  shown.  On  the  shaft  (o  o  in  section)  of  the  pump  being 
put  in  motion,  running  at  its  usual  high  speed,  the  centrifugal  force 
generated  by  the  rapid  revolution  of  the  arms,  vanes  or  wings  d  d 
{d'd'  in  section)  the  water  amidst  which  they  work  gaining  access 
from  the  water-filled  casing  by  the  aperture  ff  {/'/'  in  section)  is 
pressed  or  forced  up  against  the  inner  side  or  surfaces  of  the  outside 
covering  dd  {d'd'  in  section)  of  the  revolving  arms.     This  pressurei 
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acting  thus  outwarde,  causes  in  turn  a  dimiaution  of  the  preesnre  of 
the  water  ia  the  part  of  the  pump  near  the  centre;  this  in  turn 
gives  a  preponderaaoa  to  the  water  in  the  part  of  the  casing,  and 
at  or  Doar  the  opening  of  the  supply  pipe,  as,  say,  at  the  point  p. 
This  opens  the  valve  in  the  supply  pipe  b  (6'  b'  in  section),  and 
the  water  then  flows  from  the  reservoir  into  the  interior  of  the 
casing  a  a.  The  rapid  revolution  of  the  arms  or  wings  ee  (e'e'  in 
section)  still  going  on,  and  the  centrifugal  force  generated  by  thb 
forcing  the  water  to  the  circumference,  the  water  is  forced  towards 
the  entrance  of  the  delivery  pipe  e,  and  upwards  in  direction  of  arm. 
The  height  to  which  the  water  is  forced  through  c  depends  upon  the 
speed  of  the  revolving  arms  e,  e.  This  spe«l  varies  according  to 
circumstances  from  TOO  to  800  or  900  per  minute.     This  great  speed 


Fig.  132, 

necessitatee  the  use  of  a  st«ani  engine  before  the  full  benefits  of  thia 
most  effective  contrivance  for  raising  water  can  be  secured.  Tliere 
are,  it  is  needless  to  state,  numerous  modifications  of  the  centrifugal 
pump,  each  inventor  or  constructor  of  a  new  form  claiming  for  his 
pump  some  advantage  which  he  maintains  is  not  to  be  met  with 
in  the  employment  of  forms  other  than  his  own.  In  thia  class  of 
hydraulic  machinery  the  Messrs.  Gwynne  of  London  Lave  earned 
a  high  reputation.  The  firm  make  pumps  to  suit  almost  every 
conceivable  circumstance  or  condition  of  working.  In  fig.  132  we 
give  a  vertical  section  of  a  centrifugal  pump  working  horizontally 
made  by  tliis  firm.  In  this  a  a  is  the  base  plate,  bolted  firmly  to 
the  foundation  on  which  the  pump  works,  bb  the  external  cadng,  co 
the  delivery  pipe,  d,d  the  revolving  vanes  or  arms  working  hori- 
zontally, by  the  rapid  revolution  of  the  shaft  /;  g  the  opening 
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through  which  the  pump  draws  its  supply  of  water.  There  are 
other  contrivances  for  raising  water  from  low  to  high  levels,  some 
of  which  act  in  a  most  ingenious  fashion.  Perhaps  the  most  striking 
and  novel  of  these,  and  one  which  has  gained  remarkable  success, 
is  that  known  as  the  "  pulsometer."  In  this  steam  is  used  very- 
much  in  the  same  fashion  as  it  was  employed  in  one  of  the  earliest 
forms  of  the  steam  engine  known  as  Savery's.  The  pulsometer  can 
be  used  and  set  to  work  when  required  without  any  fixing.  Being 
absolutely  self-contained,  it  can  even  be  suspended  by  chains  or  ropes 
in  the  interior  of  a  well  or  tank,  and  used  to  raise  the  water  from 
it.  This  independence  of  all  fixed  or  stable  foundations  renders  the 
pulsometer  applicable  to  a  wide  variety  of  conditions  in  which  pumps 
reciprocatory  or  centrifugal  could  not  be  used.  We  have  now  to 
direct  the  attention  of  the  reader  as  briefly  as  we  can  to  two  classes 
of  hydraulic  contrivances  useful  in  industrial  work  generally,  the 

first  of  which  is 

The  Hydranlic  Press. 

This,  often  termed  the  "Bramah"  press,  from  the  name  of  its 
inventor,  is  a  very  beautiful  example  of  the  application  of  a  purely 
scientific  fact  or  theoretical  principle  to  ordinary  everyday  work. 
The  principle  involved  we  have  already  explained  as  what  is  called 
the  "  hydrostatic  paradox "  in  the  section  treating  of  Hydrostatics, 
in  virtue  of  which  a  light  column  of  water  is  found  to  balance 
a  large  and  heavy  column.  In  the  hydraulic  press  a  small- 
diametered  force-pump  sending  water  to  press  upon  a  piston  of 
much  greater  diameter  can  be  made  to  exercise  an  enormous  force. 
And  this  may  be  exerted  in  "  pressing "  or  compressing  substances 
together,  such  as  cotton,  which,  light  and  feathery  in  its  natural 
condition,  in  the  form  of  a  "bale"  as  passed  from  an  hydraulic 
press  will  have  the  solidity  and  weight  of  a  block  of  wood  or  of 
stone ;  or  the  force  or  power  obtained  may  be  used  for  traction 
or  lifting  purposes,  as  in  the  case  of  the  Britannia  Bridge,  for  the 
lifting  of  beams  or  girders  hundreds  of  tons  in  weight ;  or  it  may 
be  used  in  the  work  of  pushing,  as  was  exemplified  in  the  extraordinary 
work  of  getting  the  Great  Eastern  steamer  launched  into  the  water. 
In  brief,  the  hydraulic  press  may  be  used  for  the  widest  possible 
range  of  circumstances  hi  which  great  force  is  required  to  overcome 
great  resistances  or  lift  heavy  weights,  but  in  which  in  all  cases  long 
time  is  required,  the  processes  of  pressing,  pushing  or  lifting  being, 
in  virtue  of  the  law  of  vertical  velocities  already  explained,  ex- 
ceedingly slow.  Fig.  133  illustrates  in  simple  diagram  the  principle 
upon  which  the  hydraulic  ram  is  arranged  and  constructed.  In  this 
a  a  is  a  strong  iron  cistern  or  small  regervoir  containing  water,  which 
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s?rves  the  double  purpose  of  a  foundation  for,  and  a  source  of 
supply  of,  the  force-pump  b  b,  the  plunger  c  of  which  is  worked  by 
hand,  by  lever  and  handle,  in  the  way  well  known  to  machinists. 
The  diameter  of  this  pump  plunger  is  very  small  in  comparison  with 
that  of  the  plunger,  or  "  ram,"  aa  it  is  called,  of  tbe  press,  aadd; 
the  difference  between  them  forming  tbe  main  elements  of  the  calcu- 
lation in  determining  the  power  or  force  exerted  by  the  press.  On 
working  the  small  plunger  c,  the    water   ia  withdrawn  from   the 


ng.  188. 

interior  of  cistern  a  «  by  the  pipe  e,  and  passing  through  the  opened 
valve  at  /,  ia  forced  in  tbe  return  stroke  of  the  plunger  along  the 
channel  g  through  the  retaining  valve  A,  and  down  and  along  the 
pipe  ii,  and  entering  the  large  cylinder  of  the  press  at  k,  forces 
the  plunger  d  dto  rise.  This  carries  what  is  called  the  "  platen," 
1 1,  which  slides  at  its  four  corners  or  between  one  or  two  of  the  sides 
only  of  the  pillars  m,7n,  which  carry  the  entablature  nn,  against 
the  under  sid^i  of  which  and  the  upper  surface  of  the  platen  II  the 
article  to  be  pressed  is  placed.     A  pipe  o  o  is  led  from  the  lower  part 
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of  cylinder  jj  upwards,  and  is  finished  off  with  a  "  gauge,"  by  which 
the  pressure  of  the  water  exerted  in  the  large  plunger  dd  is  ascer- 
tained. A  safety  valve  loaded  to  a  given  pressure  by  a  spring  is 
placed  at  p^  near  the  valve  h,  and  a  releasing  valve  is  placed  at  q^ 
by  which,  when  it  is  desired  to  lower  the  plunger  dd  ol  the  press, 
the  water  is  allowed  to  run  away,  emptying  the  pipe  ii  and  the 
space  below  and  around  the  large  plunger  d  d ;  the  weight  of  this 
and  the  platen  with  its  load  causing  them  to  descend  and  gradually 
force  the  water  out  at  the  release  valve  q.  At  first  one  of  the  great 
difficulties  with  the  early  constructors  of  this  finely  conceived  and 
mr-t  ingeniously  carried  out  mechanical  contrivance  was  keeping 
the  joint  round  the  large  plunger  ddoT  ss,  where  it  passed  from  the 
cylinder  at  top,  perfectly  water-tight.  The  detailed  diagram  shows 
how  this  was  met ;  and  this  simply  by  placing  in  cavities  r,  as  shown, 
pieces  of  bent  leather  t.  In  the  central  spaces  of  these  the  water 
passes,  and  the  greater  the  pressure  of  this  the  more  perfectly  is 
the  joint  made  good.  We  now,  in  concluding  the  present  part  of 
our  section  on  hydraulics,  have  to  direct  the  reader's  attention  to  an 
application  of  the  same  power  as  that  which  regulates  the  hydraulic 
press  just  described,  an  application  which  of  late  years  has  received 
the  most  extraordinary  developments.     We  refer  here  to  what  are 

called  generally 

Hydraulie  Lifts. 

These  in  a  general  way  may  be  described  as  mechanical  means  of 
raising  weights — either  that  of  people  or  of  goods — from  the  low 
apartments  in  a  structure  to  the  high  ones  by  means  of  water  pressure. 
ThQ  system  has  perhaps  been  most  popularly  made  public  through 
the  existence  of  the  large  buildings  of  many  stories  or  flats  now 
met  with  in  modern  daily  life,  used  either  as  warehouses  or  hotels — 
from  the  way  in  which  goods  are  raised  from  the  low  to  the  high 
stories,'  or  vice  versa,  lowered  in  the  case  of  warehouses,  and 
passengers  with  their  luggage  from  the  entrance  hall  to  their 
apartments  on  the  respective  floors  of  gigantic  hotels.  The  young 
reader  has  already  been  made  acquainted  with  the  general  phenomena 
of  water  used  at  pressure;  this  pressure,  or  "head"  as  it  is 
technically  termed,  being  obtained  either  by  water  falling  or  passing 
from  a  source  at  a  high  level  to  the  low  position  at  which  the  work 
is  to  be  done.  But  as  this  natural  ''  head  "  is  not  always  easily 
obtainable,  and  even  when  at  command  is  comparatively  small  in 
amoimt,  the  necessary  pressure  or  head  is  obtained  by  the  employment 
of  the  "  accumulator  "  system  already  explained,  and  by  which  any 
pressure  desired  in  mechanical  work  may  be  secured.  Assuming 
that  water  at  the  desired  pressure  is  at  command,  we  illustrate  in 
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fig.  134  one  method  of  arranging  a  "  hydraulic  lift "  by  which  goods 
and  pasBengeta  can  be  conveyed  from  the  low  to  the  high  Btories  of 
a  building.  Let  a  a  be  the  platform — covered  in  at  the  sides  and 
root,  forming  an  apartment  or  cage — upon  which  the  goods  or 
passengers  are  placed  to  be  transported  from  the  first  or  ground- 
door,  represented  by  the  line  6  6,  to  one  or  other  of  the  apartments 
on  the  floors  above.  Below  the  flooring  6  6a  deep  pit  of  comparatively 
small  diameter  is  dug,  down  which  the  cylinder  cc  is  passed.  This 
corresponds  to  the  cylinder  of  the  hydraulic  ram  last  deecribed,  and 
in  the  interior  of  which  is  the  long  ram  or  plunger  d  d,  corresponding 
to  d  d  in  laat  figure.    The  top  of  this  carries  the  platform  and  "cage" 


Pig.  134. 

or  apartment  a  a.  The  water  at  pressure  is  admitted  in  the  lowest 
part  of  the  cylinder  cc  by  the  pipe,  the  supply  to  which  is  regulated 
as  desired  by  a  stop-valve,  the  handle  and  lever  of  which  is  worked 
at  a  point  conveniently  placed  for  the  attendant  who  works  the  lift. 
A  corresponding  handle  and  lever  works  the  stop-valve  on  the  release 
pipe.  We  assume  that  the  lift  has  just  descended,  and  is  waiting 
for  another  load  to  lift  or'  carry  up.  The  stop-valve  or  supply  pipe/ 
is  opened,  and  the  water  at  pressure — either  from  natu^  head 
or  from  accumulation — enters  the  cylinder  c  c,  and  the  plunger  or 
"  ram  "  dd  slowly  rises  in  direction  oi  arrow  A  i,  carrying  with  it  the 
platform  and  cage  a  a.  The  stop-valve  or  supply  pipe  /  is  then 
closed.     And  so  long  as  this  is  so,  and  also  the  stop-valve  or  release 
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pipe  g,  the  "  ram  *^  d  d  will  remain  still,  and  the  platform  in  the 
same  position,  the  weight  being  kept  np  by  the  water  in  the  cylinder, 
which  is,  as  we  have  already  seen,  incompressible.  But  if  the 
platform  is  again  required  at  the  ground-floor  line  h  6,  or  the  goods 
being  delivered  at  the  upper  floor,  or  if  a  fresh  lot  of  goods  require 
to  be  transported  from  the  high  to  the  low  floor  h  5,  the  stop-valve 
or  release  pipe  g  is  opened.  The  water  being  thus  allowed  to  escape 
from  the  cylinder  c  c,  the  "  ram"  d  d  slowly  descends  till  the  position 
shown  in  the  diagram  is  obtained.  In  this  arrangement,  by  regulating 
the  stop-valves/and  g  any  speed  of  ascent  or  descent  can  be  obtained ; 
and  it  gives,  moreover,  what  is  so  much  desired  in  apparatus  of  this 
kind — almost  absolute  safety,  which  no  lift  such  as  was  employed 
before  the  advent  of  the  hydraulic  principle  could  claim  in  mills, 
factories,  and  warehouses,  and  the  like,  in  which  the  platform  was 
suspended  and  worked  by  a  more  or  less  elaborate  system  of  ropes 
or  chains  and  pulleys.  Even  should  the  stop-valve  of  the  release 
valve  be  opened  before  its  time,  or  even  should  its  pipe  burst — nay, 
although  the  cylinder,  as  c  c,  should  itself  burst  at  some  point, 
allowing  of  the  escape  of  the  water — there  could  be  no  danger, 
because  no  rapid  descent  of  the  piston  and  its  platform,  inasmuch 
as  the  escape  of  the  water  in  either — even  in  the  worse  of  the  two 
cases — ^is  exceedingly  slow.  Simple,  as  compared  with  the  old- 
fashioned  system,  as  the  regulation  of  this  lift  is,  effected  by  the 
use  of  the  two  regulating  valves  or  pipes  f  and  ^,  this  can  be  and 
is  in  practice  simplified  by  an  arrangement  in  which  one  valve 
placed  at  a  definite  point  can  be  used  to  give  the  two  movements. 
There  is  this  disadvantage,  however,  in  this  form  of  "hydraulic 
lift" — namely,  that  there  must  be  a  "  pit"  or  "  well "  sunk  as  deeply 
into  the  ground,  to  allow  of  the  cylinder  being  placed,  as  the  height 
to  which  the  platform  a  a  ascends  above  the  level  of  the  ground. 
This  pit  must,  in  fact,  be  in  excess  of  this  height.  And  in  the 
arrangement  in  the  diagram  another  disadvantage  is  met  with — 
namely,  that  from  the  depth  of  the  "  well ''  the  point  of  the  dis- 
charge of  the  water  from  release  pipe  ^  is  so  far  below  the  usual 
di'ains  of  a  house  that  the  water  must  be  raised  by  artificial  means. 
Although  this  is  done  by  an  arrangement  in  which  the  weight 
of  the  descending  platform  and  room  is  the  raising  power,  still 
weight  has  to  be  given  specially  to  the  platform  to  yield  this  power. 
And  lifting  this  extra  weight  each  time  the  "  lift "  is  used  is,  of 
course,  a  waste  of  water  power,  as  it  does  no  useful  work.  For  in 
point  of  fact  the  lighter  the  platform  is  the  better,  consistent  with 
strength  enough  to  carry  the  goods  or  passengers  to  be  raised  by  it. 
In  view  of  these  disadvantages,  this  the  direct  acting  hydraulic  lift  is 
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not  used  by  some,  but  in  its  place  the  "hydraulic  chain  lift"  is  em- 
ployed. This  form  of  mechanism,  however,  involves  so  many  points 
of  mechanical  importance  that  we  cannot  find  the  space  necessary 
for  the  illustrations  and  description  necessary  to  make  its  working 
understood  by  the  young  reader.  We  must  therefore  refer  to  more 
detailed  technical  works  for  description  of  the  various  modifications 
of  these  hydraulic  chain  lifts.  Suffice  it  here  to  say  that  in  the  "  chain  " 
lift  the  chain  hydraulic  "  ram "  and  cylinder  works  horizontally, 
lying  along  the  ground,  the  power  being  given  out  by  a  more  or  less 
complicated  arrangement  of  chains  and  pulleys,  by  which  the  plat- 
form is  raised  and  lowered,  the  hydraulic  ram  or  plunger  in  this 
case  acting  only  indirectly.  To  insure  safety  in  working,  and  also 
to  counterbalance  the  weight  of  the  platform  and  ram  so  that  the 
varying  power  of  the  ram  shall  be  equalised  at  any  part  of  the  lift  (the 
pressure  of  the  water  upon  the  ram  obviously  varying  as  the  height 
or  "  head  "),  arrangements  more  or  less  complicated  are  necessary. 

On  the  Employment  of  Water  in  obtaining  Mechanical  or  Motive  Power. 

At  one  period  the  sources  of  motive  power  for  the  doing  of  the 
mechanical  work  required  by  man  were  confined  almost  wholly  to 
two — wind  and  water.  These  two  sources  yielded  the  largest  amount 
of  mechanical  force ;  the  force  obtained  from  man,  as  in  the  working 
of  a  pump,  or  from  a  horse,  being  but  limited  in  extent,  and  there- 
fore forming  the  exceptional  sources  of  power.  This,  not  so  much 
from  the  fact  that  the  inherent  power  was  comparatively  or  re- 
latively small,  but  from  the  other  and  more  potent  fact  that  the 
jbime  through  which  their  power  could  be  exerted  was  exceedingly 
limited.  A  man  can  exert  his  power  for  but  few  hours,  and  that 
only  when  the  minimum  of  his  personal  strength  is  taken.  A 
horse  can  work  a  little  longer  as  regards  time,  but  to  obtain  it 
the  degree  to  which  his  power  is  used  must  also  be  minimised, 
so  that  the  speed  at  which  he  works  must  be  very  slow.  In  the 
case  of  both  the  man  and  the  horse  called  upon  to  give  out  me- 
chanical force  or  power  to  do  work,  the  truth  of  what  is  known 
in  mechanics  as  the  law  of  "  vertical  velocities  "  is  well  exemplified, 
for  what  is  gained  in  speed  is  lost  in  power ;  while  the  point  is 
still  more  emphasised  by  the  fact  that  nerves  and  muscles — ^in  brief, 
vital  energy — gets  rapidly  deteriorated,  still  further  placing  a  narrow 
limit  to  the  extent  to  which  animal  power  can  be  utilised  by  man. 
Hence,  as  the  exigencies  of  the  social  life  of  man  made  greater  and 
greater  demands  for  the  exercise  of  powers  or  forces  by  which 
resistances  could  be  overcome  and  work  of  various  kinds  done,  the 
necessities  of  the  case  called  forth  increasing  demands  for  mechanical 
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forces  or  motive  powers  which  were  not  only  exhanstless  in  amount, 
but,  so  to  say,  untiring  in  their  exercise.     To  man,  even  in  the 
earliest  stages  of  his  social  history,  the  force  or  power  of  natural 
agencies  would  soon  make  themselves  known ;  and  that,  in  a  variety 
of  instances,  in  a  way  or  in  ways  more  plain  than  pleasant.     And 
when,  with  a  heavy  gale  of  wind  or  with  the  rising  flood,  man  saw 
his  tent  uprooted  or  his  more  permanent  hut  or  hovel  swept  away 
by  the  watei's  from  the  spot  which  sheltered  him,  man  would  soon  see 
that  by  yoking  these  powers  of  wind  and  water,  so  to  say,  to  his 
chariot  wheel,  he  might  change  them  from  destructive  masters  to 
obedient  and  powerful  servants.     The  discovery  of  methods  by  which 
these  natural  agencies,  possessing  all  ranges  of  mechanical  force  or 
power,  from  the  gentle  up  to  the  most  destructive  of  manifestations, 
could  be  utilised,  as  in  the  windmill  and  the  water-wheel,  carries  the 
mind  back  to  ages  so  remote — so  "  hoary  grey  with  eld  " — ^that  not 
the  slightest  trace  remains  which  would  lead  us  to  the  time  at  which, 
and  the  men  by  which,  these  inventions  of  such  vast  value  to  men 
were  brought  out.     A  striking  commentary  it  surely  is  upon  the 
vanity  of  the  wishes  of  man  for  fame — ^that  his  name  might  go  down 
to  the  ages — when  we  think  that  we  know  absolutely  nothing  of  the 
discoverers  or  inventors  of  the  crank,  the  wheel,  the  potters'  whed, 
the  windmill,  or  the  water-wheel — inventions  which  have  literally 
changed  the  face  of  the  world  and  been  of  a  service  to  man  great 
beyond    all  calculation  or  even  conception.      Both  the   windmill 
and  the  water-wheel  have  been  of  the  utmost  service  to  mankind ; 
and  even  now,  in  these  days  when  the  steam  engine  is  met  with 
universally,  both  are  still  largely  used.     And  in  contrasting  with 
this  the  great  source  of  motion  or  mechanical  force,  the  fact  is 
worthy  of  notice  by  the  student  of  mechanics  that  the  pioneers  of 
the  steam  engine,  including  the  great  Watt,  the  inventor  of  the 
true  steam  engine,  brought  out  their  engines  not  with  a  view  of  sup- 
planting— doing  away  with — the  motive  power  of  the  horse  and  the 
water-wheel,  but  to  aid  them  and  supplement  their  limited  powers ; 
the  latter  great  man  little  dreaming,  apparently,  of  what  however  he 
saw  realist  largely  in  practice  before  he  died,  that  his  great  power 
was  to  sweep  ruthlessly  aside  the  old  methods  of  obtaining  motive 
power  for  the  doing  of  mechanical  work. 

Water  as  a  8oiire«  of  Motive  Power  eliiefly  in  its  Modem  MaaifestatioxiB. 

History  is  said  to  be  always  repeatmg  itself — a  proverbial  state- 
ment frequently  receiving  corroboration  from  the  circumstances  of 
the  times.  Thus,  when  railways,  for  example,  were  introduced,  and 
became  the  decided  and  great  success  we  all  Iniow  them  to  be,  they 
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completely  set  aside  canals,  which  again  in  their  day  constituted  a 
remarkable  improvement  in  the  means  of  travel  and  of  transit ;  and 
this  so  completely  that  the  canals  were  pushed  aside,  so  to  say,  and 
that  so  completely  that  it  looked  as  if  they  would  never  be  used 
again — as  little  for  goods,  certainly,  as  for  the  transit  of  passengers. 
Yet,  after  more  than  half  a  century  of  absolute  neglect,  public 
attention  has  been  so  called  to  their  value  as  a  means  of  securing 
cheap  if  slow  transit  of  goods  from  place  to  place,  as  in  many  districts 
opening  up  quarters  at  present  scarcely  touched  by  railways.  And 
this  public  interest  is  not  confined  to  the  initiation  of  new  and 
gigantic  projects,  such  as  the  Manchester  Ship  Canal,  but  extends 
itself  to  the  use  and  improvement  of  the  old  and  neglected  waterways 
which  at  one  time  formed  a  network  of  communications  from  one 
part  of  the  kingdom  to  another.  And  the  result  of  this  is  that  we 
shall  probably  see  a  widespread  scheme  for  applying  to  the  old  canals 
such  improved  methods  of  working  them  as  an  enlarged  experience  in 
mechanical  work  of  every  kind  can  place  at  the  disposal  of  the 
engineer,  and  that  canal  or  inland  water  transit  will  take  its  place  once 
more  as  an  important  factor  in  the  transport  of  goods  and  mer- 
chandise. And  just  as  this  opens  up  a  likelihood  of  the  engineer 
being  called  upon  to  adapt  the  wonderful  facilities  of  mechanism  to 
the  improvement  of  canal  traffic,  so  we  shall  see  a  great  advance 
also  in  the  utilisation  of  water  as  a  source  of  motive  power  to  the 
supplementing  of  the  powers  of  the  steam  engine,  as  the  steam 
engine  was  at  first  introduced  to  supplement  the  powers  of  water- 
worked  mechanism  f;  thus  illustrating  the  way  in  which  even 
mechanical  history  repeats  itself.  That  a  large  amount  of  water  on 
its  way  from  the  land  to"  the  sea,  and  tra,versing  a  wide  extent  of 
country  in  the  form  of  brooks,  rivulets,  streams  and  rivers,  capable 
of  giving  out  a  large  amount  of  motive  power,  is  at  present  scarcely 
at  all  availed  of,  is  to  those  who  have  given  attention  to  the  general 
subject  abundantly  obvious.  Hence  a  considerable  amount  of  public 
writing  and  talking  as  to  what  could  be  done  if  only  we  would  use 
this  water  power  has  been  before  the  public  of  late  years.  But 
while  it  is  quite  true  that  we  do  allow  a  large  amount  of  water  to 
find  its  way  to  the  sea  without  even  the  slightest  attempt  to  take 
toll,  so  to  say,  of  it,  and  compel  it  to  give  up  in  its  transit  some 
proportion  of  its  energy  or  force  to  the  doing  of  mechanical  work, 
still  it  is  but  the  duty  of  a  wise  engineer  to  carefully  consider  whether 
this  energy  or  mechanical  force  or  power,  said  to  be  so  completely 
wasted,  is  really  so  great  in  amount  as  some  writers  insist  it  is. 
That  this  useful  consideration  has  not  been  given  is,  we  fear,  but  too 
true.     If  it  had,  we  incline  to  the  opinion  that  such  golden  accounts 
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of  the  possibilities  of  water  power  would  not  have  been  given  to  the 
public  as  they  have  had  often  presented  to  them.     There  is  no  doubt 
that  we  do  suffer  many  sources  of  water  supply  to  remain  unutilised 
which  could  be  made  available  for  the  creation  of  motive  power. 
There  is,  further,  no  doubt  that  in  process  of  time — and  the  future 
may  not  be  so  very  remote — those  vast  water  sources  which  exist  in  a 
few  districts  of  the  world,  such  as  the  Falls  of  Niagara,  will  be 
utilised,  and  be  the  sources  of  large  amounts  of  motive  power ;  and 
with  the  aid  of  electricity,  which  offers  such  amazing  facilities  for 
the  transmission  of  energy  or  force  to  great  distances,  these  supplies 
of  water  will  be  utihsed  on  a  large  and  a  systematic  scale  much 
more  speedily  than  some  think  at  present  possible.     Already  there 
are  signs  existing  that  this  will  be  done  quickly,  for  as  we  write 
serious  proposals  are  being  made  by  which  the  Niagara  Falls  source 
will  be  availed  of  for  the  creation  of  a  vast  amount  of  motive  power. 
With  totally  different  and  infinitely  less  convenient  and  "  handy  " 
capabilities,   the  falls  of  the  Ehine   at   Schaffhausen  give  a  fair 
example  of  what  can  be  done  to  utilise  water  supplies  which  have 
been  allowed  for  so  long  to  run  to  waste,  so  far  as  their  becoming 
sources  of  motive  power  is  concerned.     But  all  this  is  in  a  different 
direction  from  that  in  which  a  certain  class  of  writers  tell  us  that 
there  lie  on  every  side  of  us  sources  of  water  supply  which  can  be 
readily  and  economically  availed  of  for  the  creation  of  motive  power 
useful  for  an  infinite  variety  of  purposes.     But  it  is  part — ^and  a 
most  important  part— of  the  education  of  the  young  mechanic  or 
engineer  to  learn  to  consider  a  subject  "  all  round,*'  to  look  at  every 
part  of  a  question  presented  to  him,  and  not  to  be  led  away  by  mere 
statements,  however  plausible  these  may  be.     Much  of  the  error 
which   is  prevalent  amongst  mechanical  circles  has  its  origin  in 
parties  failing  to  look  at  the  general  question  in  this  specially  careful 
way,  and  being  led  away  by  the  external  circumstances  of  water 
sources,  which   give   the  impression  that   they  represent  a  large 
amount  of  motive  power,  which  it  is  only  necessary  to  take,  so  to 
say,  possession  of,  and  that  this  in  itself  is  a  matter  of  comparative 
ease.     In  such  cases  no  one  disputes  that  the  water  to  be  had  does 
represent  a  certain  amount  of  motive  power,  if  it  could  be  availed  of 
in  a  manner  which  would  be  economical  and  effective.     But  it  is 
forgotten  that  in  a  large  proportion  of  such  instances  this  is  precisely 
what  cannot  be  done ;  and  it  would  ^ot  be  a  very  difficult  matter 
to  prove  this  if  all  the  conditions  were  considered.     And  it  is  also 
unfortunately  forgotten  by  many,  especially  by  young  mechanics,  that 
the  case  is  not  complete  until  all  the  conditions  are  set  down  for 
consideration.     If  this  were  attended  to,  it  would  be  seen  that, 
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however  attractive  such  water  sources  appear,  to  obtain  such 
advantages  as  they  were  only  capable  of  giving  an  expenditure 
would  be  involved  which  would  at  once  set  aside  all  hope  that  the 
work  could  be  made  to  pay.  Thus,  under  this  head  of  expenditure 
comes  the  fact,  so  frequently  forgotten,  that,  unlike  other  cases  in 
which  motive  power  is  required  and  in  which  it  can  be  easily 
taken  to  the  place  where  the  work  can  be  done  most  readily  and 
economically,  the  work  must  be  taken  to  the  power.  And  this 
power,  derived  from  the  water  source,  may  be — generally  indeed  is — 
situated  in  a  locality  distant  more  or  less  from  a  railway,  by  which 
transport  to  and  from  the  work  could  be  had,  or  from  a  town  or 
village  where  workpeople  could  be  hired.  This,  in  point  of  fact, 
is  the  crucial  difficulty  to  be  overcome  in  nine  cases  out  of  ten  in 
which  there  are  sources  of  water  supply  which  are  assumed  to  be  of 
great  value  as  sources  of  motive  power.  When  a  steam  engine  is, 
as  it  generally  is,  the  motor,  the  difficulty  of  erecting  it  cU  the  plice 
most  convenient  for  canying  on  the  works  is  so  reduced  to  a 
minimum  that  it  is  scarcely  looked  upon  as  a  difficulty  at  all.  But 
on  the  supposition  that  this  difficulty  of  appropriate  locality  is 
overcome,  and  that  the  water  source  is  actually  at  or  very  near 
the  point  where  the  **  power  "  is  required  for  the  work  to  be  done, 
then  the  question  of  the  cost  of  the  installation  of  the  water  power 
comes  up  for  consideration.  Here  it  will,  in  the  great  majority  of 
instances,  be  found  that  the  laying  out  and  the  construction  of 
dams  or  reservoirs,  of  water-races  or  channels  of  supply,  and  for 
leading  the  water  away  after  it  has  done  its  work,  the  making  and 
fitting  up  of  the  necessary  sluices,  are  in  the  aggregate  much  more 
complicated  and  costly  features  than  the  installation  or  foundation 
work  of  the  steam  engine  which  would  otherwise  be  used.  The 
work  required  for  this  or  for  any  other  form  of  motor — such  as  a 
heat  or  caloric,  petroleum  or  gas  engine — would  be  trifling,  both  in 
complication  and  cost,  compared  to  that  required  for  the  installation 
of  a  water-power  mechanism.  Then  comes  the  question  of  the  cost 
of  the  apparatus  itself,  which  cannot  be  overlooked,  although  we 
may  suppose  the  claims  and  the  cost  are  similar  to  that  of  any 
other  motor.  But  finally  comes  the  question,  Is  the  water  available 
competent  to  give  the  amount  of  power  required?  This,  it  is 
obvious,  should  be  the  first  question  asked — ^the  fii-st  important 
factor  in  the  calculation  put  down.  It  unfortunately  is  too  often 
the  last ;  the  cases  being  not  a  few  in  which  works  have  been  put 
down,  or  partially  put  down,  before  it  had  been  positively  ascer- 
tained whether  they  could  15e  useful  or  otherwise ;  it  being  found, 
after  expenditure  had  been  incurred,  that  the  amount  of  power 
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required  could  not  possibly  be  obtained  from  the  quantity  of  water 
at  command.  And  on  this  point,  and  in  justification  of  what  seems 
on  the  face  of  it  a  stupid  course  of  prooddure,  it  should  be  stated 
that  the  water  in  such  cases  is  exceedingly  deceptive.  One  sees 
what  appears  to  be  a  vast  body  of  water  tumbling  over  a  predpioe, 
or  rolling  down  a  gorge,  or  flowing  strongly  or  tumultuousiy  along 
a  waterway,  and  forthwith  the  spectacle  is  associated  with  the  idea 
that  here  is  a  large  amount  of  motive  force  or  power  flowing  uselessly 
away.  But  if  a  close  calculation  were  made,  mth  the  proper  data 
accurately  obtained,  showing  the  height  of  the  fall  and  the  weight 
or  quantity  of  water  passing  during  a  given  time,  it  is  more  than 
probable  that  considerable  surprise  would  be  expressed  at  the 
exceedingly  small  amount  of  motive  power  obtainable  from  what 
appeared  to  be  such  an  imposing  quantity  of  water.  What  would 
in  reality  be  a  large  and  in  some  senses  an  imposing  cascade  or  rapid, 
might  not  give  out  more  power  than  would  be  supplied  by  a  small, 
steam  engine  of  the  portable  class,  which  could  be  set  down  to  its 
work  in  a  hour  or  two,  and  with  a  few  shillings  of  expenditure,  even 
in  the  most  unfavourable  of  floor  or  standing  surfaces;  while  on 
the  other  hand  the  water  supply  would  require  an  outlay  for  the 
installation  which  would  have  an  unsatisfactory  appearance  when 
put  down  on  the  balance-sheet  and  compared  with  the  expen- 
diture demanded  by  the  portable  engine.  No  doubt  it  may  be  said 
that  the  water  power  could  be  obtained  night  and  day ;  but  night 
work  is  altogether  an  exceptional  feature  of  industry  in  this  country ; 
and  against  this  must  be  put  the  fact  that  large  allowance  must  be 
made  for  the  smallness,  and  in  some  cases  the  total  stoppage,  of  the 
supply  in  the  dry  seasons  of  the  year,  finally,  the  supply  of  water, 
however  great  it  may  appear  to  be,  must  be  so  large  as  to  guarantee 
the  obtainment  of  a  surplus  over  the  amount  of  power  absolutely 
required  for  the  work.  And  this  margin  must  be  much  larger  than 
many  would  suppose  necessary:  certainly  not  less  than  one-half 
more  should  be  arranged  for — better  still  if  two-thirds ;  so  that  if 
24-horse  power  was  required,  a  supply  of  water  necessary  to  yield  36 
as  a  minimum,  or  40-horse  power  as  a  safe  margin,  should  be  avail- 
able. And  to  provide  24-horse  power  would  require  a  volume  of 
water  which  would  make  a  truly  magnificent  fall — a  fall  so  grand 
and  imposing  as  to  find  few  competitors  in  this  country,  where  falls 
are  line  and  many. 

General  Deseription  and  Xllnstration  of  the  Different  Water  Xotors  or 

Prime  Movers  in  Use — ^Water-wheels. 

From  a  very  early  period  in  the  history  of  civilisation  man  has 

availed  himself  of  the  power  of  water  to  help  him  in  th«  doing  of 
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mechanical  work  to  relieve  him  of  the  severe  muscular  strain  which 
the  performance  of  certain  domestic  and  other  duties  threw  upon 
him.  And  the  force  or  power  or  the  capability  to  overcome  resistances, 
and  that  easily,  with  which  his  own  unaided  muscular  strength  was 
wholly  unable,  and  indeed  unfitted  to  deal  successfully — such  natural 
forces  as  wind  and  water — would  be,  so  to  say,  pressed  upon  hw  notice. 
The  same  wind  which  at  one  time  had  scarcely  power  to  rustle  the 
leaves  of  the  trees  which  shaded  and  sheltered  his  lowly  hut  would 
at  another  time  be  seen  to  bend  and  break  their  branches,  sometimes 
to  tear  them  up  by  the  roots,  or  powerful  enough  to  sweep  his  hut 
from  the  site  which  it  occupied.  The  water  rivulet  which  flowed 
past  his  dwelling  would  at  times  possess  so  little  power  that  leaves 
could  scarcely  be  floated  away  on  its  surface ;  at  other  times,  when 
swollen  by  the  winter's  rains  or  melting  snows,  would  rush  past  his 
dwelling-place,  sweeping  away  with  resistless  force  whatever  obstacle 
was  presented  to  its  power  Force  enough  and  power  enough  to  do 
his  work  if  only  he  could  bend  them  to  his  will — make  them  subser- 
vient to  that  mental  power  which  he  would  soon  learn  to  know  that 
he  possessed,  and  which  he  would  be  not  less  quick  in  perceiving  was 
superior  to  the  natural  forces  around  him,  The  only  question  was 
how  to  make  these  do  his  bidding ;  and  to  solve  that  in  its  endless 
manifestations  and  issues,  has  been  the  work  of  man  for  countless 
generations,  is  now  at  the  present  his  work,  and  will  be  so  for 
generations  yet  to  come.  For  the  resources  of  civilisation  are  not 
yet  exhausted,  any  more  than  the  necessity  there  is  everyday  arising 
for  its  help.  Each  succeeding  victory  over  material  difficulty  but 
leads  the  way  to  directions  in  which  other  and  greater  difficulties 
can  be  overcome.  Man  is  engaged,  so  to  say,  in  a  perpetual  warfare 
with  the  obstacles  which  nature  throws  in  his  way;  and  the  singularly 
suggestive  feature  of  this  warfare  is  that  the  very  obstacles  them- 
selves— the  difficulties  of  "  matter  " — furnish  in  other  directions  the 
means  by  which  they  can  be  conquered :  one  law  of  nature  which 
throws  a  difficulty  in  our  way  can  be  met  by  the  help  which  another 
law  affords  us.-  And  had  man  not  been  for  ages  so  busy  reading  in 
the  pages  of  his  history  the  results  of  a  warfare  of  a  totally  different 
kind — the  battlefields  which,  while  they  have  yielded  to  one  side 
or  the  other  so  much  of  what  man  calls  glory,  are  ghastly  also  with 
the  gloomy  fate  of  thousands  of  the  maimed  and  the  slain, — had  man 
not  been  so  enthralled  with  the  work  of  military  glory,  he  might 
have  found  time  to  have  recorded,  at  least  occasionally,  the  events 
and  the  circumstances  of  that  warfare  with  material  difficulties  to 
which  we  have  just  alluded.  And  had  this  been  done,  what  chapters 
of  most  entrancing  interest  could  have  been  written !    Facts  which 


528  THE  TECHNICAL  STUDENt's  INTRODUCTION  TO  MECHANICS. 

we  would  give  much  to  know  to-day  would  have  been  set  down  for  our 
instruction,  but  which  will  never  be  known  to  man  now.     It  is  thus 
that  we  are  in  a  state  of  the  most  hopeless  ignorance  as  to  the  men 
by  whom,  and  the  time  and  place  at  which,  certain  inventions  were 
brought  ouit — inventions  and  discoveries  some  of  which  have  changed 
the    whole  being  of  society,   and  conferred  upon  it   incalculable 
advantages.    Of  the  early  or  first  history  of  such  priceless  inventions 
as  the  common  cart-wheel,  the  crank,  the  potters*  wheel,  we  know 
nothing,  and  the  same  can  be  said  of  the  water-wheel.     That  this 
was  applied  to  a  directly  useful  purpose — as,  indeed,  all  the  earlier 
inventions  were  applied — helping  man  in  his  actual  daily  work,  there 
can  be  no  doubt.    The  work  of  the  first  water-wheel  was  the  grinding 
of  the  wheat  or  com  into  the  flour  which  made  his  "  daily  bread," 
and  which  at  one  time  was  universally  done  by  means  of  the  hand- 
mill,  still  met  with  everywhere  in  the  unchanging  lands  of  the 
East — in  the  plains  of  Syria,  the  most  intensely  interesting  country 
on  the  globe.     It  was,  if  the  young  reader  with  mechanical  tastes 
and  inclinations  would  but  think  of  it,  a  wonderful  stride  forward 
in  mechanical  progress — an  altogether  remarkable  victory  over  the 
difficulties  which  "  matter  "  throws  in  the  way  of  man's  progress  in 
civilisation — when  some  able  mechanician,  far  in  advance  of  his  times, 
conceived  the  idea  of  changing  the  straight  or  right-line  motion  of 
moving  water  into  the  circular  movement  of  the  millstone  which 
he  employed  to  grind  his  com  into  bread -making  flour.     And  that 
the   first   water-wheel  was  of  the  class    known  as   the    '*  under- 
shot," there  can  be  little  doubt ;  for  it  offered  the  simplest  possible 
way  of  taking  advantage  of  a  moving  stream  of  water.     The  force 
or  power  of  the  stream,  which  swept  along  quickly  and  certainly 
any  branch  of  a  tree  or  piece  of  wood  which   happened  to  have 
fallen  into  the  stream,  would  obviously  have  the  same  power  to 
move,  by  pressing  against  it,  a  piece  of  flat  wood  a,  fig.  135,  in  the 
direction  of  the  arrow  b;  and  if  a  was  attached  to  a  jointed  centre  c 
by  a  stick  c?,  the  piece  a  could  be  made  to  move  so  far  in  a  circular 
direction  as  shown  by  the  dotted  curved  line.     One  had  only  to 
extend  this  idea  to  arrive  at  a  form  of  water-wheel  which  may  even 
yet  be  met  with — the  most  rudely  constructed  way — ^in  certain  parts 
of  the  East ;  and  it  was  not  very  long  since  the  writer  met  with  an 
example  of  it  in  a  wild  and  remote  glen  in  one  of  the  Shetland  Isles. 
This,  probably  the  earliest  because  the  simplest  form  of  water-wheel, 
is  illustrated  in  ^g.  135.  This  would  be  a  rough  ring  of  wood,yy/'/, 
fixed  to  a  central  shaft  g  g'  by  arms  as  shown.     This,  running 
horizontally,  by  the  action  on  the  "  floats  "  or  vanes  A,  A,  projecting 
from  the  face  of  the  ring,  and  acted  upon  by  the  water  flowing  in 
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the  direction  of  the  arrows  i,  i,  would  make  the  shaft  assume  the 
vertical  form,  as  at  g\  By  this  arrangement  the  millstone— -the 
upper — k  would  be  made  to  revolve  on  the  face  of  the  lower  or 
'^  nether ''  millstone,  /,  without  the  intervention  of  any  mechanical 
device  to  change  the  motion  of  a  wheel  revolving  vertically  into  the 
horizontal  motion  of  the  millstone.  The  form  in  fig.  135,  the  direction 
of  motion  of  both  water-wheel  //  and  millstone  k,  is  horizontal. 
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Fig.  135. 

But,  simple  bs  this  water-wheel  is  for  the  purpose  which  the  first 
inventor  of  it  would  have  in  view — ^the  turning  of  a  millstone — it 
was  very  ineffective  in  work.  The  young  reader,  in  examining  the 
detail  sketch  in  the  diagram  fig.  135,  will  perceive  that  it  was  only 
upon  a  few  of  the  ^<  floats  "  or  vanes,  as  A  A,  that  the  flowing  water 
would  have  a  useful  effect.  Thus  the  float  at  m,  pointing  directly 
up  stream,  would  have  no  turning-round  influence  exerted  upon  it 
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by  the  water  flowing  in  direction  of  arrow  n.  It  would  only  b9  when 
the  floats  assumed  the  position  as  at  o  that  they  would  begin  to 
receive  the  influence  of  the  flowing  water,  which  would  tend  to  make 
the  wheel  swing  round  (see  ahcdem  same  figure),  so  to  say,  on  its 
centre  at  g ;  and  it  would  only  be  when  the  floats  were  in  the  position 
at  p  that  it  would  receive  the  maximum  of  useful  turning  effect  by 
the  power  of  the  water  flowing  in  direction  of  arrow  e.  Taking  now 
the  off  or  down-stream  side  of  the  wheel,  it  will  be  noticed  that  the 
float,  while  in  the  position  of  r  /,  would  be  positivMy  opposed  in  its 
right  motion,  as  represented  by  the  arrow  *,  by  the  force  or  pressure 
of  the  water,  equivalent  to  the  pressing  up  of  the  water  against  it  in 
direction  of  arrow  a.  And  this  opposing  force  would  be  more  or  less 
exerted  on  several  of  the  floats  of  the  down-stream  side  of  the  wheel. 
These  and  other  disadvantages  possessed  by  the  horizontally-revolving 
water-wheel,  represented  in  fig.  135,  led  to  the  introduction  of  the 
simplest  class  of  water-wheel  now  in  use — namely,  the  **  undershot," 
illustrated  in  principle  by  the  diagram  in  fig.  136.  This  wheel 
is  used  when  there  is  little  or  no  "fall"  or  current  in  the  river  or 
rivulet  which  supplies  the  water ;  yet,  of  course,  with  fall  sufficient 
to  give  force  enough  to  work  the  wheel>  and  sufficient  velocity 
to  carry  it  away  after  it  has  left  the  wheel.  In  regard  to  this 
last-named  point,  it  should  be  noticed,  then,  that  it  is  one  which 
is  required  to  be  attended  to  and  provided  for.  For  it  is  obvious 
that,  should  the  water  after  working  the  wheel  remain  near  it,  or 
have  a  tendency — through  the  formation  of  currents — to  flow  back 
again  towards  the  floats,  there  would  be  a  distinct  loss  of  power. 
This  form  of  wheel  acts  almost  wholly  by  the  impulse  of  the  water 
upon  the  floats,  each  volume  or  bulk  of  water  as  it  flows  (in  direction 
of  arrow  a)  down  towards  the  wheel  with  a  momentum  or  force 
proportioned  to  its  velocity,  strikes  with  what  may  be  called  a  blow 
upon  the  paddle  or  float,  as  6,  which  being  movable  or  attached  to 
the  ring  or  " shroud "  ccc,  which  carries  the  floats  ddd,  and  which 
shroud  is  movable,  "  gives  way  "  to  or  "  runs  away  "  from  the  blow, 
passing  on  to — say  point  e ;  the  float  /,  next  in  succession  on  the 
up-stream  side  of  the  wheel,  being  brought  down  to  the  position  at  b, 
at  which  it  receives  the  fullest  force  of  the  descending  stream  a.  In 
early  times  such  wheels  would  be  placed  in  the  stream,  as  at  J ;  but 
in  course  of  time,  and  with  improved  working,  the  wheel  would  be  set 
down  in  the  most  convenient  site  for  the  "  mill " — somewhere  near 
the  river  or  stream,  of  course — ^the  best  site  being  chosen,  irrespective 
of  the  actual  place  of  the  river  or  stream.  For  the  "  millstream," 
"  lade,"  or  "  lead  "  would  be  discovered  or  put  by  some  thoughtful 
person  into  work.    In  this  a  portion  of  the  water  of  the  main  streaia 
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is  diverted,  being  taken  from  it  at  the  most  convenient  spot  (say  at  A), 
so  as  to  be  conveyed  by  a  channel  or  watercourse  i  t,  and  so  that  it 
would  have  only  a  gentle  current  or  flow,  till  it  reached  the  actual 
site  of  the  "  mill,"  say  as  at  k.  After  working  the  wheel  at  this 
point,  the  water  is  led  off  by  a  channel  l,  following  the  natural 
surface  of  the  earth  till  it  reaches  and  joins  the  river  again  at  the 
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Fig.  136. 

point  m.  Should  the  levels  at  the  points  m  and  k  not  be  suitable  to 
allow  of  the  portion  of  water  to  be  diverted  in  the  way  here  illustrated, 
the  system  of  mill  "weir"  or  "dam"  would  be  discovered  and  adopted. 
In  this  an  embankment,  technically  known  as  a  "  weir "  or  "  dam," 
sjs  n  n,  is  thrown  across  the  river  at  a  convenient  point,  so  as  to  keep 
back  the  water  above  the  weir,  and  so  that  its  level  would  be  some* 
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what  above  that  of  the  mill  site  k.  The  water  from  this  dammed-up 
part  or  little  artificial  lake  would  be  diverted  by  a  channel,  as  at  1 1, 
already  described.  The  dimensions  of  the  mill "  lead"  or  stream,  as  i  t, 
would  be  calculated  so  as  to  give,  with  a  velocity  due  to  the  differences 
of  level  between  the  points  A  or  o  and  k,  the  amount  of  water  necessary 
to  work  the  wheel,  and  to  give  out  a  certain  power  to  work  one  or 
two  or  more  "pairs  of  stones,"  as  required  at  the  mill.  The  mill 
"  lead"  or  dam  is  narrowed  at  the  point  where  the  water  is  delivered  to 
the  water-wheel  c  c  c  d,  ^g,  136,  to  a  channel  coni^ructed  specially 
to  inclose  the  wheel.  The  breadth  of  this  is  a  little  more  than  that 
of  the  wheel,  so  as  to  allow  the  wheel  to  work  easily,  and  yet  without 
leaving  such  a  wide  space  between  the  sides  of  the  channel  and  the 
wheel  as  would  allow  much  of  the  water  to  run  away  without  doing 
work.  The  channel,  as  p  p,  in  plan  p'p',  in  which  the  wheel  thus  works  is 
called  the  "  wheel  race."  If  the  young  reader  has  intelligently  studied 
what  has  been  given  in  preceding  section  and  in  this,  he  will  perceive 
that  the  velocity  or  speed  of  the  undershc*  water-wheel,  or  the  rate 
at  which  the  floats  revolve,  is  not  the  same  as  that  of  the  stream,  as  a. 
The  amount  of  the  difference  between  the  velocity  of  the  two — the 
stream  and  the  revolving  wheel — is  just  so  much  the  less  as  the 
resistance  offered  by  the  wheel  to  be  moved  in  the  direction  of  the 
arrow  a  is  the  greater.  The  higher  the  resistance,  or  the  more  work 
the  wheel  has  to  do,  the  less  is  its  velocity.  And  it  must  also  be 
noticed  by  the  young  reader  that  the  force  with  which  the  water 
strikes  upon  or  presses  against  the  float  when  that  is  free  to  move,  as 
in  the  case  of  the  water-wheel,  is  less  than  the  force  with  which  the 
same  water  would  strike  against  the  float  if  that  were  fixed  in  one 
position.  It  is  worth  while  for  the  young  reader  to  consider  carefully 
how  this  should  be  so.  But  by  a  quiet  thinking  over  of  the  point 
he  will  perceive  that  the  very  fact  that  any  one  float,  as  5,  as  it 
receives  the  impulse  or  blow  of  the  water  a,  runs  away,  so  to  say, 
from  or  yields  to  the  blow,  must  deprive  the  float  of  a  considerable 
amount  of  the  force  of  the  water.  And  as  the  float  runs  away,  so 
to  call  it,  from  the  blow  gradually,  the  velocity  at  which  the  water- 
wheel  revolves  cannot  be  a  uniform  velocity — must  be  a  decreasing 
velocity  or  force.  And  there  must  also  be,  as  the  young  reader  will 
see  on  thinking  the  point  over,  a  period  in  every  revolution  of  the 
wheel  at  which  there  is  no  force  of  the  water  communicated  or  given 
to  the  wheel,  which  time  is  when  the  speed  of  the  flowing  water 
and  that  of  the  float  running,  so  to  say,  away  from  it  are  precisely 
equal.  Taking  all  the  elements  of  loss  together,  the  mean  or  average 
effective  power  obtained  from  an  undershot  water-wheel  may  be 
taken  at  one-third  only  of  the  power  due  to  it  according  to  theory 
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or  calculation.  But  in  general  it  is  much  less  than  this.  A  good 
deal,  of  course,  will  depend  upon  the  way  in  which  the  water-wheel 
is  designed,  constructed,  and  fitted  up. 

Watn-Whwli  (ciHtfinu«(i)— Breut  and  Ovenhot  Wheel*. 
In  fig,  137  we  illustrate  in  rough  design  the  leading  peculiarities  of 
the  former.  It  obtains  its  name  from  the  fact  that  it  receive  the 
water  about  the  level  of  the  centre  of  the  wheel — tantamoimt  to  a 
part  of  the  human  bodyto  which  the  familiar  appellant  of  "breast 
high"  is  given.  The  undershot  wheel  last  described  receives  its  motion 
almost  wholly  from  the  impulse  of  or  the  blows  given  bv  the  water  to 


Fig.  137. 

the  floats,  and  little  or  nothing  from  the  action  of  gravity  or  weight  of 
the  water  in  successive  bulks  or  volumes.  The  breast  wheel  receives 
it«  force  partly  from  this  same  principle  of  impulse  or  blows  given 
by  the  water,  and  partly  from  the  action  of  gravity,  inasmuch  as 
the  floats,  from  their  shape,  acting  somewhat  like  buckets  or  small 
receptacles  for  holding  liquid,  as  shown  at  a,  a,  a  in  fig.  137,  retain  the 
water  given  to  them  for  some  period  of  the  revolution  of  the  wheel. 
The  way  in  which  the  water  is  delivered  from  the  mill-lead  or  "  lade" 
or  channel  J  6  to  the  wheel  6  at  a,  a,  a,  exjroisea  a  great  influence 
upon  the  amount  of  effective  working  power  obtained  from  it.  The 
diagram  gives  a  fair  idea  of  one  of  the  hast  form?  of  the  breast 
wheel  with  curved  floats,  or  rather  buckets  a,  a,  a,  and  an  improved 
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method  of  admitting  the  water  to  the  wheel  by  the  sluice  gate  of  iron 
6  e,  this  being  raised  or  lowered  by  means  of  the  rod  /,  the  upper 
end  of  which  is  a  rack  with  which  the  pinion  h  gears.  Breast  wheels 
are  generally  made  with  flat  floats  projecting  radially  from  the  ring 
or  shroudy  as  in  the  case  of  the  undershot  wheel  in  last  figure.  The 
average  or  mean  effective  power  may  be  taken  at  one-half  of  the 
power  due  to  theory.  In  fig.  138  we  illustrate  the  class  of  water- 
wheel  known  as  the  "  overshot."  In  this  the  water  gives  out  its 
power  solely  by  the  action  of  gravity  or  weight,  this  being  delivered 
to  the  buckets  at  a  point  slightly  higher  than  the  highest  parts  of 
the  wheel,  as  shown  in  diagram.  The  water  in  this  instance  is  led 
overhead,  and  delivered  to  the  wheel  by  the  opening  in  this  made 
at  d\  stretching  right  across  the  breadth  of  the  shoot  dddd.  The 
waterway  d'  is  open  or  closed  as  desired  by  the  sliding  sluice  or  valve 
/y,  to  the  upper  side  or  surface  of  which  the  ring  g  is  seciu*ed;  to 


Fig.  Ids. 

this  the  eye  of  the  lever  h  is  jointed,  the  other  end  of  which  is 
jointed  to  the  small  end  of  a  crank  i,  the  shaft  of  which  is  moved 
by  a  lever :  according  to  the  direction  in  which  this  is  moved  is  the 
sliding  sluice  or  valve  f/  moved,  and  the  supply  of  water  to  the 
buckets  regulated  or  adjusted.  There  are  various  methods  of  admit- 
ting water  to  the  buckets  of  an  overshot  wheel.  As  this  class  of 
wheel  is  designed  to  work  through  the  agency  of  the  weight  of 
water,  or  gravity,  a  slow  speed  of  revolution  is  essential ;  this  should 
not  be  greater  than  3|  feet  or  less  than  33  inches  per  second,  this 
velocity  being  measured  on  the  outside  circumferential  centre-line 
of  the  buckets.  If  the  speed  were  too  quick  the  water  would  not  be 
given  in  full  quantity  to  the  buckets,  as  there  would  not  be  time 
for  it  to  flow  in  from  the  sluice,  while  the  period  during  which  it 
acted  by  gravity  would  be  lessened.  A  wheel  race  or  watercourse 
is  not  required  for  this  form ;  it  may  revolve  in  the  open :  all  that 
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is  essential  is  to  have  a  waterway,  so  that  the  water  after  it  leaves 
the  buckets  should  be  permitted  to  flow  away  as  fast  as  possible. 
The  method  of  carrying  the  water  to  the  wheel  may  be  of  the 
simplest;  but,  as  before  stated,  it  is  important  to  have  the  best 
method  of  actually  delivering  the  water  to  the  buckets  individually 
as  they  come  up  by  the  revolution  of  the  wheel.  The  average  or 
mean  effective  work  obtained  by  a  well-constructed  overshot  water- 
wheel  is  far  in  excess  of  the  undershot  and  even  the  breast — say 
75  per  cent,  of  the  calculated  or  theoretical  force,  as  against  50  per 
cent,  for  the  breast  and  33  to  25  per  cent,  for  the  undershot  forms. 

Water  Motors  (continued) — Beaction  Wheels  and  Turbines. 

Water-wheels  in  their  best  forms  and  with  the  best  construction 
are,  to  say  the  least,  expensive  forms  of  prime  motors  in  the  mere 
element  of  first  cost,  including  the  additional  expense  of  their  instal- 
lation or  fixing  and  fitting  up,  while  those  items  of  expenditure 
generally  entailed  in  the  laying  out  and  the  cutting  of  a  waterway 
tend  to  increase  the  cost  very  materially.  Another  consideration 
affecting  the  question  is  the  space  or  room  taken  up  by  water-wheels, 
more  especially  when  the  power  required  is  great.  But  when,  in 
addition  to  all  those  points,  the  fact  is  remembered  that  the  per- 
centage of  effective  or  useful  power  obtained  by  their  use  is  but 
comparatively  small  even  in  the  best -forms,  the  young  reader  will 
understand  how  it  is  that  our  mechanics  for  a  long  time  past  have 
aimed  at  introducing  a  form  of  motor  which,  taking  advantage  of 
the  large  supplies  of  water  obtainable  in  the  many  districts,  would 
give  a  higher  percentage  of  useful  work  than  water-wheels,  and 
which  at  the  same  time  would  present  other  advantages,  such  as 
cheapness  of  first  cost,  comparatively  small  space  required  for  work- 
ing in,  ease  in  fitting  up  or  installation,  and  a  ready  adaptation  to 
the  work  to  be  done  with  the  minimum  of  intermediate  mechanism 
or  gearing.  It  should,  then,  be  no  matter  of  surprise  for  the  young 
reader  to  be  informed  of  the  fact  that,  so  long  ago  as  early  in  this 
century,  a  Dr.  Barker  invented  and  introduced  into  actual  practice 
what  he  called  his  "  centrifugal  mill,"  but  which  would  have  been 
better  and  more  accurately  described  as  a  "  reaction  mill " ;  and 
this  because  its  action  depended  upon  the  principle  explained  fully 
in  the  earlier  part  of  this  work — namely,  "action  and  reaction  equal." 
To  this,  therefore,  we  refer  the  reader,  proceeding  to  illustrate  the 
way  in  which  the  Dr.  Barker  above  referred  to  adapted  this 
principle  to  the  obtaining  of  a  prime  motor.  In  this,  ^g,  139,  aaaa 
r^resents  the  timber  framing  of  the  machine ;  iron  in  those  early  days 
of  mechanical  work  being  rarely  used  for  work  of  this  kind,  and  this 
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from  the  almost  utter  want  of  machine  tools  with  which  to  work  it. 
The  timber  framing  carries  a  vertical  shaft  b  6,  running  in  a  bearing 
c  at  upper  part  of  framing,  and  at  the  lower  part  in  a  step  d.  The 
shaft  at  upper  end  carries  the  running  or'  upper  millstone  e,  // 
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being  the  lower  or  fixed  one.  At  this  stage  of  the  description  the 
youthful  reader  will  perceive  the  one  great  advantage  of  this  form 
of  water  motor  as  compared  with  water-wheels,  of  which  the  shaft 
driving  the  machinery  runs  horizontally.  Here  the  vertical  shaft 
66  is  applied  directly,  without  the  intervention  of  any  mechanism. 
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The  shaft  b  h  runs  down  the  centre  of,  and  is  firmly  secured  to,  a 
wide  tube  g  g,  giving  space  around  it  for  the  water  to  flow  freely 
down  it  as  supplied  by  the  pipe  hh,  the  tube  gg  being  at  top  finished 
off  funnel-wise,  so  as  to  catch  the  water  spouting  from  h  and  convey 
it  quickly  to  the  interior.  At  the  lower  end  of  the  tube  bb  two 
arms  i,  i  (in  plan  at  i'  i')  are  carried  at  right  angles  to  b  b.  The  outer 
ends  of  this  tube  ii  are  stopped  or  made  solid;  at  their  inner 
ends  they  communicate  freely  with  the  interior  of  vertical  tube  b  b. 
Kear  each  end,  and  at  the  opposite  sides  of  the  tube,  a  hole,  as 
j  or  k  (J'  and  k'  iu  plan),  is  made.  On  the  water  being  supplied 
by  pipe  h  h,  it  drops  or  falls  downward  within  the  vertical  tube  b  6, 
and  passing  onwards,  with  a  velocity  due  to  the  fall  or  "  head " 
of  the  water,  horizontally  along  the  tubes  ii,  passes  out  into  the 
holes  j  and  k.     Spouting  out  with  considerable  velocity  from  these, 
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Fig.  14C. 

the  reaction  induced  by  each  jet  of  water  striking  against  the 
atmosphere  which  presses  up,  in  the  direction  of  the  arrows 
I,  m,  causes  each  end  to  rebound,  so  to  say,  from  the  point  of 
resistance  I  or  m,  causing  it  to  move  in  the  direction  of  arrow 
w  or  o.  The  revolving  effect  would  be  produced  by  one  arm,  as 
ft'  i',  but  the  motion  would  be  comparatively  slow  and  more  or  less 
unsteady.  But  by  giving  two  arms,  as  shown,  the  reaction  being 
contrary  in  direction  but  equal  in  degree  or  amount,  the  velocity  is 
greater  and  the  motion  is  moi*e  uniform  or  steady.  Dr.  Barker's 
mill  is  sometimes  figured,  as  it  has  sometimes  been  made,  with  four 
arms,  as  shown  at  p,  q,r,8;  but  the  inventor  himself  had  only  two 
arms  in  his  machine  as  first  introduced.  Chiefly  owing  to  the 
defective  condition  of  machine  making  then — indeed,  at  the  time  of 
the  inventor  practically  non-existing — bearing  at  all  events  but  the 
faintest  possible  likeness  to  the  splendidly  efScient  system  of  machine- 
tool  and  hand-tool  working  now  existing,  this  mill  of  Di*.  Barker's 
gave  by  no  means  the  effective  working  which  might  have  been 
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expected  from,  and  was  indeed  due  to,  the  theoretical  or  calculated 
conditions  But  the  principle  of  its  action  and  the  general  idea  of 
its  application  were  too  valuable  to  the  machinists  who  came  after 
him  for  it  to  be  lost  sight  of,  and  for  ever  relegated,  as  so  many 
ingenious  machines  are,  to  the  limbo  of  forgotten  and  practically 
useless  inventions.  From  time  to  time  the  history  of  mechanical 
progress  recorded  various  improvements  on  the  "  centrifugal  mill," — 
the  name  given  to  his  machine  by  Dr.  Barker  being  that  retained  by 
machinists  for  a  long  time,  until  improvement  had  gone  so  far  as  to 
bring  the  original  machine  into  the  range  of  practically  efficient 
water  prime  motors,  when  it  took  the  more  correct  name  of  "reaction 
wheel."  One  of  the  earliest  improvements  in  Barker  s  mill  is  illus- 
trated in  fig.  140,  in  which  the  direction  of  the  water  passage  through 
the  machine  was  the  reverse  of  that  in  the  original  invention.    More 


Fig,  141. 

than  one  mechanical  advantage  was  pbtained  from  this  arrangement, 
and  it  ultimately  led  the  way  to  the  compact  arrangement  of  the 
modern  reaction  wheel.  In  fig.  140  the  arrows  show  the  flow  of 
water  from  the  source  a  to  the  apertures  of  the  horizontal  arm  at 
he  with  the  final  motion  of  vertical  shaft  d.  As  improvement  in 
this  class  of  machines  progressed,  greater  attention  was  paid  to  its 
details ;  and  the  first  decided  change  was  in  the  arms,  as  J,  k^  in 
^g,  139  {amie).  From  perfectly  straight  they  assiuned  the  form  of 
curved  branches  Several  inventors — amongst  whom  the  name  of 
Whitelow,  an  engineer  of  Paisley,  who  may  be  said  to  have  been 
the  first  maker  of  a  thoroughly  effective  reaction  wheel,  which  should 
be  here  honourably  mentioned — ^made  more  or  less  elaborate  investi- 
gation with  the  view  to  find  the  best  curve  to  be  given  to  the  arms. 
It  is  obvious  that  defects  in  the  waterway  from  the  point  of  entrance 
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to  that  of  exit  must  have  a  very  prejudicial  effect  on  the  working 
of  the  appparatus.  All  sudden  and  abrupt  changes  in  the  flow  of 
the  water  should  be  avoided.  In  this  direction  a  moment's  inspection 
will  show  that  Barker's  mill  figured  in  ^g.  139  (ante)  possessed  grave 
defects.     In  the  form  illustrated  in  ^g.  141,  being  in  a  genera)  way 


Fig.  142. 

illustrative  of  that  introduced  by  Mr.  Whitelow  above  alluded  to, 
it  will  be  seen  how  superior  were  its  advantages,  the  water  having 
the  easiest  possible  flow  from  central  point  a  of  supply  to  point  of 
exit  at  b.  The  reaction  wheel  of  Whitelow,  although  introduced 
nearly  half  a  century  ago,  still  keeps  its  place  as  one  of  the  most 
eflScient  reaction  water-wheels. 

Water  Xotori  (eonHnued)-^rhe  Turbine. 
Useful  a  part  as  the  reaction  water-wheel  has  played  in  mechanical 
work,  wherein  the  utilisation  of  water  had  the  object  of  obtaining 
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a  moving  power  for  the  "driving"  or  working  of  machinery,  and 
more  effective  as  it  has  been  and  more  convenient  in  its  applications 
than  the  water-wheels  we  have  already  described,  it  has  largely 
given  way  to  a  different  form  of  water  motor  known  everywhere  as 
the  turbine,  this  name  being  derived  from  the  Latin  word  turheOj 
to  gyrate  or  spin,  as  a  top  does.  The  diagram  in  fig.  142  will  give 
the  reader  a  fair  conception  of  the  mode  of  operation  of  the  turbine 
in  its  two  leading  forms.  Let  the  reader  conceive  of  a  circular  plate 
a',  provided  with  a  series  of  curved  arms,  forming  between  them  several 
chambers,  h\  c' ;  the  narrow  ends  c  {d  in  diagrammatic  section)  corn- 


Fig.  143. 

municating  with  a  vertical  tube  d  (d'  in  section)  up  which  there  is 
a  flow  of  water  at  a  normally  constant  velocity.  The  water  entering 
the  narrow  end  is  compelled  to  take  the  curved  chamber,  and  issue 
at  the  open  end  h'  of  the  chamber,  passing  from  thence  into  the 
receptacle  placed  to  receive  the  water  of  discharge,  and  to  lead  it 
away  as  quickly  as  possible  where  desired.  As  the  water  continues 
to  flow  outwards  through  openings  V  of  the  curved  chambers  in 
direction  of  arrow,  the  wheel  or  plate  revolves  in  the  opposite  direction 
or  that  of  the  other  arrow.  The  turbine  principle  here  illustrated  in 
fig.  142  is  what  is  called  the  "  outward  flow."  The  other  leading  form 
is  illustrated  in  the  same  figure,  and  is  termed  conversely  the  "  inward 


THE  TECHNICAL  STUDEHT's  INTEODUCTION  TO  MECHANICS.   541 

flow."  In  tluB  bhe  water  from  a  a  flows  by  the  openingB  b,  b,  at  lai^ 
or  widest  ends  oE  chambers — formed  by  the  curved  arms  as  shown — 
and  up  towards  the  emal]  or  narrowest  ends  at  c,  and  parses  away 
from  the  apparatus  and  downwards  through  the  central  pipe  d.  In 
carrying  out  these  methods  there  are  in  practice  a  wide  variety  of 
plans,  but  they  all  for  the  moat  part  embody  a  principle  of  arrange- 
ment which  may  be  illustrated  with  a  fair  degree  of  clearness  in 
fig.  143.  In  this  form  the  chambers  through  which  the  water  passes 
— either  "  inward  "  or  "  outward  "  flow — are  fixed  between  two  discs 


Fig.  114, 

or  "shrouds"  ab,cd,  firmly  keyed  to  the  shaft  «/ common  to  both. 
g,  h,  are  the  entrances  to  the  guide  chambers,  which  are  fixed  as 
shown  in  the  plan  diagram  at  i  i,  these  leading  to  the  chambers  k,  k, 
the  main  openings  of  which  communicate  with  the  centre  m,  through 
which  the  water  passes  off  to  the  point  desired.  The  guide  chambers 
i,  i,  are  carried  by  a  circular  ring  jj,  this  ring  being  fixed,  while  the 
plate  II  carrying  the  armsyt,  i,  which  form  the  chambers  £,  k,  is  fixed 
on  a  central  sh^t,  which  admits  of  the  plate  1 1  and  chambers  it,  k, 
revolving  within  the  guide  plate  lingjj.     The  water  passed  from  the 
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guide  paauges  t,  t,  is  regulated  in  its  amoaot  aa  delivered  to  the  vcn-k- 
ing  chajnbers  k,  k, — or  shut  oS  altogether,  when  the  Bto|^>age  of  the 
turbine  is  required — by  "  stops  "  or  blocks,  o*  o,  which  pass  between 
the  plates  formiDg  the  guides,  and  when  in  place,  blockiug  or  "  stop- 
ping" up  the  passage,  prevent  any  water  passing  through,  or  if 
partially  let  down  keep  bikck  a  certain  pnrt  of  the  water,  and 
thus  "dow"  the  turlnna  The  blocks  or  stops,  as  o'o,  correepond 
in  number  to  the  number  of  guide  passages  in  ring  plate  II,  and  are 
fixed  at  the  proper  distances  apart,  as  shown  at  o  (o'  in  devation), 
to  a  ring  or  hoop  p  (p'p'  in  eleTation).  This  hoop  p  is  raised  co- 
lowered  by  rods,  part  of  one  of  which  is  shown  at  q,  these  being 
connected  with  mechamsm  which,  1^   turning  a  single  handle 


Kg.  Hi. 
or  lever  wheel,  raise  or  lower  the  whole  set.  The  diagram  id 
fig.  144  gives  in  one  rough  sketch  the  relation  of  the  outer,  or,  as 
in  the  present  case,  the  upper,  or  guide  ring  a  a,  with  its  guide 
blades  b,  b,  and  the  stops  c,  e,  and  their  respective  lifting  handles  d,  d, 
«e being  the  working  chamber  ring,  corresponding  to  AAin  fig.  143, 
with  its  guide  plates/,/.  The  diagram  shows  the  stops  partly  raised, 
with  a  portion  only  of  water  admitted  to  working  point,  eefj.  The 
second  diagram  in  same  figure  shows  the  stops  lifted  up  to  their 
highest  point,  giving  full  speed  to  the  revolving  part  e*  e'.  Kg.  145 
is  an  illustration  showing  some  of  the  mechanical  details  of  the 
method  of  fixing,  eto.  In  fig.  146  we  give  an  illustration  of  one  of 
the  earlier  forms  of  water  motors — a  spedes  of  "  undershot "  water- 
vheel  laid  and  working  horizontally,  in  which  the  vanes  or  wings 
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a,a,  correspoodrng  to  the  floats  of  the  undershot  wheel,  receive  the 
shock  or  impulse  of  the  water  b  flowing  or  projected  from  the  conduit 
box  a.  This,  no  doubt,  is  the  germ  of  the  water  motor  much  used 
at  present  in  the  mining  districts  of  California,  and  to  which  the 
odd  name  of  the  "hurdy-gurdy  wheel"  is  given.  With  the  high 
falls  of  water — many  exceeding  three  hundred  feet — found  in  certain 


Fig.  1*6. 

districts,  the  "head"  thus  obtained  gives  out  a  large  amount  of 
power  through  the  medium  of  a  comparatively  small -diametered 
"  hurdy-gurdy  "  wheel.  The  principle,  and  indeed  the  general  features, 
of  the  "  hurdy  gurdy "  are  almost  identical  with  the  form  of  motor 
illnstrated  in  fig.  146.  We  give  in  fig.  147  rough  sketches,  which  will 
show  the  two  forms  in  wluch  the  "hurdy-gurdy"  water  motor  is 


